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Inaujfaral Lecture, ike General Bearing of the Great Exhibi- 
tion an the Progress of Art and Science.* By WlLLlAM 
Whbwell, D.D., F.K.S., Master of Trinity. 

It seems to me as if I were one of the persons who have 
the least right of any to address an audience lilie this on the 
sabject of the Great Exhibition of tlie Art and Industry of 
All Nations, of which the doors have so lately closed; iuaa- 
mnch aa I baye had no connection with that great event, nor 
relation to it, except that of a mere spectator — one of the 
many millions there. The eminent and zealous men in whose 
wide views it originated, by whose indomitable energy and 
perseverance the great thought of such a spectacle was em- 
bodied in a visible, material shape ; those who, from our own 
countries or from foreign lands, supplied it with the trea- 
Kures and wonders of art ; those who, with scrutinizing eye 
and judicial mind, compared those treasures and those won- 
ders, and stamped their approval on the worthiest ; those 
who can point to the glories of the Exhibition, and say, 
quorum pars magna fut j" — those persons may well he con- 
sidered as having a right to express to you the thoughts 
which have been suggested by the scenes in which they have 
thus had to live ; but of these I am not one. I have been in 
the Exhibition, as I have said, a mere spectator. Neverthe- 
less, the Council of the Society of Arts have done me the 

A copy of tbis verj impurt&ut Lecture vita presented lo as by iM illiutri- 
Wi9 iiathDr, who read It at tlie meeting of the Loadan Society ol' Acts in tba 
mber 18ol, i ^^-^ , 
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2 Dr Whewell's Inangnral Lecture. 

honour to express a wiah that I should oifer to jou eucli 
reflections as the spectacle of the Great Exhibition has sug-^ 
gested to me ; and, in deference to their wishes, and espe- 
cially as a token of my admiration of the truly royal mind, 
which saw clearly, in despite of the maxims of antiquity, 
that there was such a Royal Road to knowledge, I shall ven- 
ture to offer you a few remarks, — which, precisely on accouni 
of the circumstances which I have stated, may be considered 
as I'epresenting the views of an unconnected spectator of tha 
great spectacle. 

To write or speak the Epilogue after any great and grand 
Drama, is by no means an easy task. We see the confesaiow 
of the difficulty in the very incongruity of the manner i 
which the task is sometimes attempted : as, when after th 
curtain has fallen upon a deep and solemn tragedy, som 
startling attempt at wit and pleasantry is uttered to th 
andience ; it may be by one of the characters whose dee 
Borrows or lofty aims we have been following with the pro 
fonndest interest. You will, at least, on the present ( 
aion, not have the difficulty of the task shewn in this w 
Nor, indeed, is it my office, in any sense, to speak an epL 
logue at all. Perhaps such remarks as I have to make maj 
rather be likened to the criticism which comes after thi 
drama. For, as you know, Criticism does come after Poetry 
the age of Criticism after the age of Poetry ; Aristotle afte) 
Sophocles, Longinus after Homer. And the reason of thil 
has been well pointed out in our time : — that words, tha 
human language, appear in the form in which the poet uttep 
I them, 'and works with them for his purposes, before th^ 
appear in the form in which the critic must use them : laa 
guage is picturesque and affecting, first ; it- is philosophic 
and critical afterwards : — it is first concrete, then abstract 
— it acta first, it analyses afterwards. And this is the c 
not with words only, but with works also. The Poet, as 
Greeks called him, was the Maker, as our English father! 
also, were wont to call him. And man's power of makin 
may shew itself not only in the beautiful texture of languagi 
the grand machinery of the epic, the sublime display of poetl 
cai imagejy ; but in those material works which supply tj 



origiaalB from which are taken tlie derivative terms which I 
have just beeu compelled to use : in the Textures of soft wool, 
or fine linen, or glossy silk, where the fancy disports itself in 
wreaths of visible flowers ; in the Machinery mighty aa the 
thunderbolt to rend the oak, oi* light aa the breath of air 
which carries the flower-dust to its appointed place ; in the 
Images which express to the eye beauty and dignity, as the 
poet's verse does to the mind ; so that it is difficult to say 
whether Homer or Phidias be more truly a poet. That 
mighty building, then, along the aisles of which we have 
wandered day after day in past months, full aa it was of the 
works of man, contained also the works of many who were 
truly makers ; — wlio stamped upon matter, and the combina- 
tions of matter, that significance and efficacy which makes it 
a true exponent of the inward activity of man. The objects 
there, the sj-mbols, instruments, and manifestations of beauty 
and power, were utterances, — articulate utterances of the 
human mind, no less than if they had been audible words 
ftnd melodious sentences. There were expressed in the 
ranks of that great display many beautiful and many power- 
ful thoughts of gifted men of our own and of other lands. 
The Crystal Palace was the cabinet in which wei-e contained 
a vast multitude of compositions — not of words, but of things, 
which we who wandered along its corridors and galleries 
might con, day by day, so as to possess ourselves, in some mea- 
sure and according to our ability, of their meaning, power, 
and spirit. And now, that season of the perusal of such a 
collection of works being past ; those days of wonderment at 
the creations of sucli a poetry being gone by ; the office of 
reading and enjoying being over ; the time for criticism seems 
to have amved. We must now consider what it ia that we 
Iiave admired, and why ; must try to analyse the works which 
we have thus gazed upon, and to discover the principles of 
their excellence. As the Critic of literary 'art endeavours to 
discern the laws of man's nature by which he can produce 
that which is beautiful and powerful, operating through the 
medium of language, so the Critic of such art as we have had 
here presented to us — of material art, as we may term it — 
endeavours to discern the laws of maAeTiaX oaXxKe -, 'wsV^ti^ 



how mau can aut by these, operatiug through the medium ol 
matter, and thus produce beauty, and utility, and power. 
This kind of criticism appears to be the natural and propW 
sequel to such a great burst of production and exhibition aa 
we have had to witness ; — to discover what the laws of ope- 
rative power are, after having had so great a manifest*-] 
tion of what they do. 

To discover the laws of operative power in literary works, 
though it claims no small respect under the name of Criti- 
cism, is not commonly considered the work of a science, 
But to discover the laws of operative power in material pro- 
ductions, whether formed by man, or brought into being by 
Nature herself, is the work of a science, and is indeed v/hiA 
we more especially term Science : and thus, in the case with 
which we have to do, we have, instead of the Criticism wliioh.; 
naturally comes after the general circulation of Poetry, tin 
Science which naturally comes after a great exhibition o; 
Art : two cases of succession connected by a very close ant 
profound analogy. That this view of the natural and general 
succession of science to art, as of criticism to poetry, is not 
merely fanciful and anaiogical, we may easily convince our- 
selves by looking for an instant at the progress of art and ol 
science in past times. For we see that, in general, art has 
preceded science. Men have executed great, and curious, 
and beautiful works before they had a scientific insight into' 
the principles on which the success of their labours was 
founded. There were good artificers in brass and iron before 
the principles of the chemistry of metals were known ; there 
was wine, among men before there was a philosophy of vinous 
fermentation ; there were mighty masses raised into the air, 
Cyclopean walls and cromlechs, obelisks and pyramids — pro- 
bably gigantic Doric pillars and entablatures, — before there 
was a theory of the mechanical powers. The earlier genera- 
tions did ; the later explained that it had been possible to do. 
Art was the mother of Science ; the vigorous and comely 
mother of a daughter of far loftier and aerener beauty. And 
as it had been in the period of scientific activity in the ancient 
world, so was it again in the modern period in which Science' 
ie^D Aer later growth. The middle ages produced or im- 
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Dr Whewell's Tttau^ural Lecture. 

proved a vast body of arts. Parchment and paper, printing 
and engraving, glaas and Bteel, compass and gunpowder, 
clocks and watches, microscopes and telescopes, not to speak 
of the marvels of architecture, sculpture, and painting, all 
had their origin and progress, while the sciences of recent 
times were in their cradle, or were unborn. The dawn of 
the sixteenth century presented, as it were, a Great Eshibi- 
tion of the works which men had been producing from the 
time of the downfall of Roman civilization and skill. There, 
too, might be seen, by him who travelled from land to land, 
beautiful textures, beautiful vessels of gold and bronze, of 
porcelain and glass, wonderful machines, mighty fabrics ; and 
from that time, stimulated by the sight of sucli a mass of the 
works of human skill, — stimulated still more by the natural 
working of those powers of man from which such skill had 
arisen, — men were led to' seek for science as well as art ; for 
science as the natural complement of art, and fulfilment of 
the thoughts and hopes which art excites ; — for science as 
the fully developed blossom, of which art is the wonderfully 
involved bud. Stimulated by such influences, the scientific 
tendencies of modern Europe took their starting impulse from 
the Great Exhibition of the productions of the middle ages 
which had accumulated in the sixteenth century ; and have 
ever since been working onwards, with ever-increasing vigour, 
and in an ever-expanding sphere. 

As the successful scientific speculations of the last three 
centuries have been the natural sequel to the ai-t-energies of 
the preceding ages, so must the newest scientific speculations 
of our contemporaries and their successors, in order to be 
successful, be the result and consequence of the powers, as 
yet often appearing in the undeveloped form of art alone, 
which exist among us at the present day. And thus a great 
BpeAacle of the works of material art ought to carry with it 
its scientific moral. And the opportunities which we have 
lately had of surveying the whole of the world in which art 
reigns, and of appreciating the results of its sway, may well 
be deemed too valuable to be let slip for the purposes of that 
' scientific speculation which is the proper sequence of such oc- 
i^asions. So it has seemed to those who ha.\Q fvi^wi\beV«- 
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ginning taken a lofty, and comprehensive, and hopeful view 
of the great undertaking of whtcL the first act is now com- 
pleted ; and especially to that mind which has always taken 
the most lofty, and comprehensive, and liopeful view. 

And in oi-der to carry into effect this suggestion, it has 
been determined that persons well qualified to draw from the 
spectacle the series of scientific morals which it otFers, should 
present them to you here ; — that critics should analyse for 
you some of the fine compositions with which you have be- 
come acquainted ;^that men of science should explain to 
you what you ought to learn from such an exhibition of art. 
And it has been thought that it might not be useless that 
you should he reminded, in the first place, how great and 
unique the occasion is, and how peculiar are some of the les- 
sons which even the most general spectator, unfit to enter 
into the details of any of the special arts, may draw from it. 

For indeed it is obvious, at a glance, how great and unex- 
ampled is the opportunity thus given to us, of taking a sur- 
vey of the existing state of art in every part of the world. 
I have said, that if, in the sixteenth century, an intelligent 
spectator could have travelled from land to land, he might, 
in that way, have seen * wonderful collection of the works of 
man in many difierent countries ; and combining all these 
in his thoughts, he would have had in his mind a represen- 
tation of the whole pi-ogress of human art and industry, up 
to the last moment, and a picture of the place which each 
nation at that moment occupied in the line of that progress. 
But what time, what labour, what perseverance, what hard- 
ships, what access to great and powerful men in every land, 
what happiness of opportunity, would be implied in the com- 
pletion of such a survey ! A life would scarcely suffice for it; a 
man could scarcely be found who would achieve it, with all ap- 
pliances and means which wealth and power could give. * He 
must, lik the philosophers of ancient days, spend all his 
years of vigour in travelling ; must roam in the varied regions 
of India ; watch the artisan in the streets of the towns of 
China ; dive into the mines of Norway and of Mexico ; live 
a life in the workshops of England, France, and Germany ; 
and trace the western tide of industry and art as it spreads 
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over the valley of the Misaissippi. And when he had done 
all this, and however carefully he had done it( yet how defec- 
tive must it be at least in one point ! How far must it be from 
a, aimullaneous view of the condition of the whole globe as to 
material arts. During tlie time that he has been moving 
from place to place, the face of the world has been rapidly 
changing. When he saw Tunis it was a barbarous state ; now 
that he has to make np his account, it is the first which asks 
for a leading place among the civilized communities of the 
industrial world. When he visited the plains of Iowa and 
Wisconsin, they were wild prairie ; they are now the fields 
from which the cereal harvest is swept by the latest improTed 
reaping machine. When he was at the antipodes, the naked 
savage offered the only specimen of art in his rude club and 
frail canoe ; now there is there a port whose lofty ships carry 
regularly to European markets multiplied forms of native 
produce and manufactures. Even if his picture be complete 
as to surface, what anachronisms must there be in it ! How 
much that expresses not the general view of the earth, but 
the accidental peculiarities of the traveller's personal narra- 
tive ! And then, how dim must he the images of the thing 
seen many years ago compared with that which is present 
to the eye ! How impossible to compare the one with the 
other— the object now seen in age with a similar object re- 
membered in youth ! And after all, when we have assumed 
such a traveller — such a one as never has been — the Ulysses 
of modern times — seeing the cities of many men, and know- 
ing their minds — seeing the workshops of all nations, and 
knowing their arts — we have but one such. His knowledge 
is only his. He cannot, in any clear or effective manner, 
comnwnicate any large portion of it to others. It exists only 
for him — it perishes with him. And now let us, in the license 
of epical imagination, suppose such an Ulysses — ^miich- seeing, 
much-wandering, much-enduring — to come to some island of 
Calypso, some well- inhabited city, under the rule of power- 
fill and benignant, but plainly, he must believe, superhuman 
influences, and there to find that image of the world and its 
arts, which he had vainly tried to build up in his mind, exhi- 
bited before his bodily eye in a vast crystal frame ■, — ttvift vo. 
eyeiy minutest thread and hue, from the 3'patV\ft d "Ocve Sv^v- 
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mond to the mighty bulk of the colossus ; true to that wbich | 
belongs to every part of the earth ; and this, with the effectfl 
which the arts produce, not at the intervals of the traveller's 
weary journey, but everywhere at the present hour. And, I 
further, let him see the whole population of the land — thoi 
sands upon thousands, millions upon millions, streaming i 
this sight, gazing their fill, day after day, at this wonderful 
vision, inviting the men of neighbouring and of distant lands 
to gaze with them ; looking at the objects, not like a fairj 
picture in the distant clouds, but close at hand ; comparing, 
judging, scrutinizing the treasures produced by the all-bom 
teous earth, and tlie indomitable efforts of man. from pole to 
pole, and from east to west ; or, as he would learn more tnilj 
to measure, from east to east again. When we have sup- 
posed such a vision, do we not seem to have gone beyond 

" QaicqnidGrecmmendBl 
Audit in histaria;" 

all the wonders of that wondrous ancient Odyssean tale f 
And yet, in making such a supposition, have we not been 
exactly describing that which we have seen within these few 
months ? Have not we ourselves made part of the population 
of such a charmed isle, — of tlie crowds which have gazed on 
such a magic spectacle I 

But now that we have had the spectacle before us, let ua 
consider for a moment what the vision was, and what were 
the reflections which it excited. We had, offered to our re- 
view, the choicest productions of human art in all nations ; 
or, at least, collections which might be considered as re- 
presenting all nations. Now in nations compared with 
nations there is a difference ; in a nation compared with 
itself at an earlier time, there is a progress. There may 
not always he a progress in good government ; there may 
not necessarily be, though we would gladly hope that there 
is, a pi-ogreas in virtue, in morality, in happiness. But 
there always is, except when very adverse influences roll 
back the common course of things, a progress in art, and 
generally in science. In the useful and ornamental arts 
nations are always going forwards, from stage to stage. 
Different nations have reached different stages of this pro- 
grees, and all their different stages are seftu a^ w^ice, m 
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ikti aspect which they have at this moment in the magical 
glasa, wliich the enchanters of our time have made to rise out 
of the ground like an exhalation. The infancy of nations, 
their youth, their middle age, and their maturity, all appear 
in their simultaneous aspect, like the most distant objects 
revealed at the same moment by a flash of lightning in a 
dusky night : — or we may compare the result to that which 
would be produced, if we could suppose some one of the skil- 
ful photographers whose subtle apparatus we have had exhi- 
bited there, could bring within his field of view the surface 
of the globe, with all its workshops and markets, and produce 
instantaneously a permanent picture, in which the whole 
were seen side by side. But it is not a mere picture of things 
which are found standing together that we have had pre- 
sented to us; the great achievement was the bringing tbem 
together. You have most of you probably heard of the care- 
ful and economical critic, who proposed to reduce the extra- 
vagance of the wish of the impatient separated lovers, that the 
gods would annihilate space and time ; and who remarked 
that it would answer the end desired if one of the two were 
annihilated. By annihilating the space which separates dif- 
ferent nations, we produce a spectacle in which is also anni- 
hilated the time which separates one stage of a nation's pro- 
gress from another. 

An ingenious speculator of our own day, clothing these 
metaphysical abstractions in the form which modem science 
assigns to them, has shewn how we might, theoretically 
speaking, be, in a few instants, actual spectators, bodily and 
contemporaneous eye-witnesses, of all the events which have 
passed since man has existed upon earth. For, if we only 
imagine that, as the visualimpressionson the vehicle of light, 
by which alone vision can take place, travel away from the 
scenes by the occurrence of which their configuration was 
given to them, we also travel after this moving vision, and 
go hut a very little faster than light itself, we shall overtake 
successively the visual images of all successive events, and 
Eee them as truly as a distant spectator (and what spectator 
is not more or less distant 1) sees what passes before his eyes. 
We might thus see now what is passing around us, and the next 
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minute, by rushing to the borders of the solar system, whena 
the images are atill travelliDg outwards, see the first inhabitai 
of this island placing his foot upon its coast ; and in the in-' 
tevmediate distances we should successively overtake and see,, 
with our bodily eyes, in inverted order, the events of the- 
English, Norman, Saxon, Roman, and British times ; and we 
might mark, at ea<!h period, the food, the clothing, the arms, 
the tools, the houses, the machines, and the ornaments of the 
various times. 

Now that which this scientific dream thus presents to ub 
in imagination, the Exhibition of the Industry and Arts of all 
Nations has presented as a visible reality ; for we have hod 
there collected examples of the food and clothing and other 
works of art of nations in every stage of the progi'cas of art. 
From Ofcaheite, so long in the eyes of Englishmen the type 
of gentle but uncultured life, Queen Pomare sends mats and 
cloth, head-dresses and female gear, which the native art of 
her women fabricates fi-om their indigenous plants. Erom 
Labuan, the last specimen of savage life with which this 
country has become connected, we have also clothes and 
armour, weapons and musical instruments. From all the 
wide domains which lie within or around our Indian empire 
we have rich and various conti-ibutions ; from Sincapore and 
Ceylon, Celebes and Java, Mengatal and Palembang. The 
ruder and more primitive of these regions send us their 
native food and clothing, their fishing nets and baskets ; but 
art soon goes beyond these first essays. From Sumatra we 
have the loom and the plough, lacquered work and silken 
wares ; and as we proceed from these outside i-egions to that 
central and ancient India, so long the field of a peculiar form 
of civilization, we have endless and innumerable treasures of 
ekill and ingenuity, of magnificence and beauty. And yet we 
perceive that, in advancing from these to the productions of 
our own form of civilization, which has, even in that country, 
shewn its greater power, we advance also to a more skilful, 
powerful, comprehensive, and progressive form of art. And 
looking at the whole of this spectacle of the arts of life in all 
their successive stages, there is one train of reflection which 
cannot fail X think to strike us ; namely, this : — In the first 
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place, that man ia, by nature and univeraally, an artificer, 
an artisan, an artist. We call tlie nations, from which such 
specimens came aa those which I first mentioned, lude and 
savage, and yet how much is there of ingenuity, of invention, 
of practical knowledge of the properties of branch and leaf, 
of vegetable texture and fibre, in tlie works of the rudest 
tribes! How much, again, of manual dexterity, acquired by 
long and persevering practice, and even so, not easy ! And 
then, again, not only how well adapted are these works of 
art to the mere needs of life, but Low much of neatness, of 
prettinesa, even of beauty, do they often possess, even when 
the work of savage bands ! So that man is naturally, aa I 
have said, not only an artificer, but an artist. Even we, while 
we look down from our lofty summit of civilized and me- 
cbanieally-aided skill upon the infancy of art, may often learn 
from them lessons of taste. So wonderfully and effectually 
has Providence planted in man the impulse which urges bim 
on to his destination, — his destination, which is, to mould the 
bounty of nature into such forms as utility demands, and to 
shew at every step that with mere utility he cannot be con- 
tent. And when we come to the higher stages of cultured 
artr— to the works of nations long civiUzed, though inferior 
to ourselves, it may be, in progressive civilization and me- 
chanical power, how much do we find in their works which 
we must admire, which we might envy, which, indeed, might 
drive OS to despair ! Even still, the tissues and ornamental 
works of Persia and of India have beauties which wc, with 
all our appliances and means, cannot surpass. The gorgeous 
East showers its barbaric pearl and gold into its magnificent 
textures. But is there really anything barbaric in the skill 
and taste which they display 1 Does the Oriental prince or 
monarch, even if he confine his magnificence to native manu- 
factures, present himself to the eyes of his slaves in a less 
splendid or less elegant attire than the nobles and the sove- 
reigns of this our Western world, more highly civilized as 
we nevertheless deem it ? Few persons I think would answer 
in the affirmative. The silks and shawls, the embroidery and 
jewellery, the moulding and carving, which those countries 
can produce, and which decorate their palaces and theic 
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dwellers in palaces, are even now aucli as we cannot excel 
Orten^a^ magnificence is still a proverbial mode of describio 
a degree of splendnnr and artiatical richness which is ni 
found among ourselves. 

What, then, shall we say of oui-selvea? Wherein is oi 
superiority 1 In what do we see the eft'ect, the realization, i 
that more advanced stage of art which we conceive ourselvi 
to have attained? What advantage do we derive from thQ 
immense accnrnulated resources of skill and capital — of me* 
ehanical ingenuity and mechanical power— which we posseasl 
Surely our imagined superiority is not all imaginary; sure! 
we really are more advanced than they, and this term " ac 
vanced" has a meaning; surely that mighty thought of 
PROGREsa in the life of nations is not an empty dream ; an 
surely our progress has carried us beyond them. When 
then, is the import of the idea in this case ? What is th« 
leading and characteristic difference between them and ui 
as to this matter ? What is the broad and predominant dig 
tinction between the arts of nations rich, but in a condition 
of nearly stationary civilization, like Oriental nations, and 
nations which have felt the full influence of progress lik< 
ourselves] 

If I am not mistaken, the difference may be briefly ex 
pressed thus ; — That in those countries the arts are maini; 
exercised to gratify the tastes of the few ; with us, to suppl; 
the wants of the many. There, the wealth of a province ii 
absorbed in the dress of a mighty warrior ; here, the gigaiitJi 
weapons of the peaceful potentate are used to provide cloth- 
ing for the world. For that which makes it suitable that 
machinery, constructed on a vast scale, and embodying enor- 
mous capital, should be used in manufacture, is that th< 
wares profluced should be very great in quantity, so that th< 
smallest advantage in the power of working, being mqltiplie( 
a million fold, shall turn the scale of profit. And thus snchi 
machinery is applied when wares are manufactured for 
vast population ; — when millions upon millions have to 1 
clothed, or fed, or ornamented, or pleased, with the things so 
produced. I have heard one say, who had extensively and 
carefully studied the manufacturing estabUshments of thi 
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conntry, that when he began hia survey he expected to find 
the most subtle and refined machinery applied to the moat 
delicate and beautiful Itind of work— to gold and silver, 
jewels and embroidery ; but that when he came to examine, 
he found that these works were mainly executed by hand, 
and that the most exquisite and the most expensive ma- 
chinery was brought into play where operations on the most 
common materials were to be performed, because these were 
to be executed on the widest scale. And this is when coai-sa 
and ordinary wares are manufactured for the many. This, 
therefore, is the meaning of the vast and astonishing preva- 
lence of machine-work in this country; — that the machine 
with its million fingers works for millions of purchasers, while 
in remote countries, where magnificence and savagery stand 
side by side, tens of thousands work for one. There Art 
lahours for the rich alone ; here she works for the poor no 
less. There the multitude produce only to give splendour 
and grace to the despot or the warrior whose slaves they are, 
and whom they enrich ; here the man who is powerful in the 
weapons of peace, capital and machinery, uses them to give 
comfort and enjoyment to the public, whose servant he 
is, and thus becomes rich while he enriches others with his 
goods. If this be truly the relation between the condition of 
the arts of life in this country and in those of others, may we 
not with reason and with gratitude say, that we have indeed 
reached a point beyond theirs in the social progress of 
nations ? 

I have, perhaps, detained you too long with these general 
reflections, suggested by the mere general aspect of that great 
display of the works of nations in every stage of progress, which 
we have had lately before our eyes. But 1 hope you will re- 
collect, that I began by claiming the privilege of speakii.^ as a 
mere spectator, who had not had occasion to study the objects 
there assembled in a special and official manner. There is, 
however, one view of the subject, perhaps, a little less ob- 
Tious, which I should wish to endeavour to bring before you : 
I mean, the view suggested by the Classification of which 
such a collection has been found to be capable. Perhaps, at 
the first thought it might be supposed that to AvjVift kq."j cdi^- 
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lection of things, however numerous and various, into cl 
is a work of no great difficulty, tliough when the collection 
is great, it may require much time. For it might he said. 
YoQ have only to determine according to what resemblances 
and what differences you will make your classes, and then 
ta go through the work, sticking to these. But any one who 
has attended a little more to the science of classiiication, or 
even who has made the attempt on any considerable scale, 
knows that this is not so; and that, except the scheme of 
classes be very skilfully and very happily devised, it lands ua 
in intolerable incongruities, and even in impossibilities. la 
deed, without seeking any exemplification of this remark a; 
the classificatory sciences, which can throw on this subjeo) 
only a distant and doubtful light, we have experimental erk 
dence of the difficulty of classifying a great collection of tfa4 
products of art and industry, in the attempts which weci 
made to perform that task on the occasions of the Frend 
Expositions in 1806, in 1819, in 1827, in 1834, and in 1 
On the first occasion, the distribution adopted was entirely 
geographical ; on the second, it was what was called an en- 
tirely material or natural system, dividing the arts intfl 
thirty-nine heads, the consequence of which is said to hard 
been great confusion. In 1827 a purely scientific arrange-^ 
ment was attempted, into five great divisions, namely, che- 
mical, mechanical, physical, economical, and miscellaneous art$, 
But this was deemed too artificial and abstract, and in 1831 
M. Dupin made the division depend on the relation of tht 
arts to man, as being alimentary, sanitary, vestiary, domicti 
liary, locomotive, sensitive, intellectual, preparative, socia 
This analysis was also adhered to in 1839. In 1844 an a 
tempt was made to unite some features of the previous syw 
tems, and the objects were classified as fcoven, mineral, tne^ 
chanical, mathematical, chemical, fine arts, ceramic, and mi9* 
cellaneous; which was still complained of as confused, bnfc 
which was, on the whole, retained in 1849. 

I do not think there is any presumption in claiming for 
the classification which has been adopted in tlie Great £xhi^ 
bition of 1861 a more satisfactory chai-acter than we can 
allow to any of those just mentioned, if we ground our opif 
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nion either upon the waj' in which this last classification was 
constructed, or upon the manner in which it has heen found 
to work. And there is one leading feature in it which, 
simple as it may seem, at once gives it a new recommenda- 
tion. In the systems already mentioned there were no gra- 
dations of classification. There were a cei'tain number, thirty- 
nine or five, nine or eight, of co-ordinate classes, and that 
was all. In the arrangement of the Great Exhibition of 
1851, by a just and happy thought, a division was adopted of 
the objects to be exhibited into four great Sections, to which 
other Classes, afterwards established, were to be subordinate ; 
these Sections being, Rato Materials, Machinery, Manufac- 
tured Goods, and the works of the Fine Arts. The efiect of 
this grand division was highly beneficial, for within each of 
these sections classes could be formed far more homogeneous 
than was possible while these sections were all thrown into 
one mass ; when, for instance, the cotton-tree, the loom, and 
the muslin, stood side by side, as belonging to vestiary art ; 
or when woven and dyed goods were far removed, as being 
examples, the former of mechanical, the latter of chemical pro- 
cesses. Suitable gradation is the felicilj/ of the classifying 
art, and bo it was found to be in this instance. 

But within this limit how shall classes be formed I Here, 
also, it appears to me, simply as a reader of the history of 
the Exhibition, which any one else may read, that the pro- 
cedure of those who framed the classification was marked 
with sound good sense and a wise rejection of mere technical 
rules. For by assuming fixed and uniform principles of clas- 
sification we can never obtain any hut an artificial system, 
which will he found, in practice, to separate things naturally 
related, and to bring together objects quite unconnected with 
each other. It was determined, that within each of the four 
sections the divisions which had been determined by com- 
mercial experience to he moat convenient should be adopted. 
" Eminent men of science and of manufactures in all branches 
were invited to assist in drawing each one the boundaries of 
I bis own special class of productions."* And it was resolved, 

* " niuetrated Catslogue," Intrad., p. 22. 
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for the general purposes of the Exhibition, to adopt thirty > 
broad divisions; of which Classes, four were of Kaw Mate 
rials ; six of Machinery ; nineteen of Manufactures ; and o 
of the Fine Arts. And these thirty Classes may be i 
dered as having been confirmed by their practical application 
to the collection, and to the work of the juries in dealing 
with it; except that, in some instances, it was found neces- 
sary to subdivide a Class into others. Thus, Class X., which 
was originally described as Philosophical Instruments, was 
found to consist of materials so heterogeneous, that there 
were separated from it three Classes, of Musical, of Horolo- 
gical, and of Surgical Instruments. And to Class V., Ma- 
chines, was added an Accessory Class, Va, Caixiagea. And, 
on the other hand, Classes XII. and XV., Woollen and 
Worsted, it was found could be advantageously thrown into 
one. 

Within these Classes, again, were other subdivisions, . 
which are marked in the Catalogue by letters of the alphabet. 
Thus, the Third Class consists of substances used for food ; 
and of these the vegetable division contains Sub-classes, A, 
B, C, D, E, F, G : the first being cereal«, and the like ; the 
second, fruits ; the third, drinks, and so on. And in like 
manner, the Sixth Class, manufacturing machines and tools, 
had Sub-classes, A, B, 0, D, E, F : as A, all spun and tcoven , 
fabrics; 'B, manufactures of metals ; C, manufactures of mine-^i 
rals and mining machinery, and the like. 

And, again, each of these Sub-classes was separated into-l 
Heads, by numbers, Thus, the Sub-class cereals and the^ 
like, are 1, the common cereals ; 2, the less common ; 3, mil- 
let; i, pulse and cattle-food; 5, grasses and roots; 6, Jtoura ■ 
(ground grain) ; 7, oil seeds ; 8, /tops. And the Sub-class A, I 
of manufacturing machines and tools, included the Heads, 1,1 
machinery for spinning and joeaving cotton, woolf flax, hemp^M 
silk,— for working caoutchouc, gvtta percha, hair ; 2, paper- k 
making ; 3, printing. And to shew how much practical ex- 
perience governed these sub -divisions, I may mention that 
great aid in this task was found in the Trades' Direetories 
of Birmingham and Manchester, and other great manufac- 
turing towns. 
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I have followed this claaaificationinto the ultimate ramiti- 
cation of tlie Catalogue, at the risk of being, I fear, tedious 
for a moment ; partly because I wiah to make a reflection 
upon it ; and partly, also, that yon may see what a vast work 
is performed if thia classification he really coherent and 
sound. For, first, turn your attention to the one Head which 
I have mentioned : this single Head includes no less than 
this, — all machinery tor the complete formation, from the 
raw material, of all fabrics of cotton, wool, flax, hemp, silk, 
caoutchouc, gutta percha, and hair. This is Head 1 of Sub- 
class A. Under this Head, or under the iirst Particular 
Head, cotton, are very many Articles in the Great Exhibition. 
Besides this Particular Head, and the other Particular Heads, 
KQol,flax, caoutchouc, ^c, included in the General Head 1, 
there are two other Heads in thia Sub-class, each of lite ex- 
tent. Along with this Sub-clasa A, are also Sub-classes B, 
C, D, E, r, each of an extent not much inferior to A ; and 
thus, this Class VI. contains a great mass of Heafls, each 
including a vast number of Articles. Yet in the Catalogue, 
this Class VI. is one of the smalleat extent of all the thirty. 
And though thia may arise in part from some of the others 
being followed out into greater comparative detail than this 
Class VI., yet still enough will remain in thia mode of put- 
ting the matter to shew to you how vast and varied is the 
maas of objects which has thus been classified, and how great 
the achievement is if thia maas have I'eally been reduced into 
permanent order ; if this chaos, not of elements only, but of 
raw materials mixed with complicated machines, with manu- 
factured goods and sculptured forma, have really been put 
in a shape in which it wilt permanently retain traces of the 
ordering hand. 

What the value and advantage would be of a peimanent 
and generally accepted classification of all the materials, in- 
struments, and productions of human art and industry, you 
will none of jou require that I should explain at length. One 
coDBequenee would be that the manufacturer, the man of 
■Aoience, the artisan, the merchant, would have a settled 
'conunon language, in which they could speak of the objects 
about which they are concerned. It is needless. \o "^lavny, Q'a'v, 
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iiow much tliifl would fawlitato and promote tlieir woi 
together; bow fatal tu co-operation is diversity and i 
guity in the language used. One of our old verse writt 
expanding according to the suggestions of his fancy, the a 
<ount of the failure of men in the case of the tower of Babel, 
haa made this cause of failure very prominent. He supposes 
that, the language of the workmen being confounded, when 
one of them asked for a spade, his companion brought him a 
bucket ; or when he called for mortar, handed him a plumb- 
line ; and that, by the constflnt recurrence of these incon- 
gruous proceedftige, the work necessarily came to a stand. 
Now the conditions necessary, in order that workmen may 
work together, really go much farther than the use of a com- 
mon language, in the general sense of the phrase. It is not 
only necessary that they should call a brick a brick, and a 
wire a wire, and a nail a nail, and a tube a tube, and a wheel 
a wheel ; but it is desirable, also, that wires, and nails, and 
tubes, and wheels, should each be classified and named, so 
that all bricks should be of one size, so that a wire numbei 
3, or a tube section 1 , or a six-inch wheel, should have a fixo^ 
and definite signification ; and that wires, and tubes, 
wheels, should be constructed so as to correspond to sucfl 
significations ; and even, except for special purposes, no otheri 
than such. It may easily be conceived, for instance, how 
immensely the construction, adjustment, and repair of wheeH 
work would be facilitated, if wheels of a certain kind were a 
made with teeth of the same kind, so that any one could w 
in any other. And something of tins sort, — something whid 
secures some of these and the like advantages, has been dom 
with reference to cast-iron toothed wheels. And an emtneaj 
engineer, whose works stood in the Sixth Class of the collew^ 
tion to which I have just referred, has proposed a system bj J 
which a like uniformity should be secured in the dimensional 
and fitting of machinery; and especially with regard 1 
screws; fixing thus their exact diameter and pitch, as it I 
called — a pracesa which frould have the like effect of makin 
the construction, application, and repair of all work isA 
which screws enter vastly more easy and expeditious than j 
V is. Now these are the great and beneficial effects whM 



Dr Whewell's Inaitffiiral Lecture. 19 

follow from a, good anil generally accepted snb-cl as aifi cation 
of one of the lowest members of that classification which the 
Catalogue exhibits to us. Mr Whitworth would classify 
screws, and wheels, and axles, as the millwrights have 
claaaified toothed wheels. But screws, or wheels, or axles, 
are merely one kind of tool, one element of machinery; 
and tools and machinery are only one class out of thirty 
of the great collection of which we are speaking. If.^then, 
so great benefits arise from a common understanding as 
to the species of one of the lowest members of our classi- 
fication, may we not expect corresponding advantages from 
a fixation of the names and distinctions of the higher 
members I — of the names of tools and machines, for in- 
stance; and from a perception of their relations to each 
other, which a good classification brings into view ; and then, 
aga.in, from a clear perception of the relation of class to class 
and of their lines of demarkation ? And may we not espoet 
that on such grounds, tlie very language of Art and Industry, 
and the mode of regarding the relations of their products, 
shall bear for ever the impress of the Great Exhibition of 
1851? 

There is one other remark which I should wish to make, 
suggested by the classification of the objects of the Exhibi- 
tion ; or, rather, a remark which it is possible to express, 
only because we have such a classification before us. It is 
an important character of a right classification, that it makes 
general propositions possible ; a maxim which we may safely 
regard as well grounded, since it has been delivered inde- 
pendently by two persons, no less different from one another 
than Cuvier and Jeremy Bentham. Now, in accordance 
with this maxim, I would remark, that there are general re- 
flections appropriate to several of the divisions into which 
the Exhibition is by its classification distributed. For ex- 
ample, let ns compare the First Class, Mining and Mineral 
Products, with the Sectuid Class, Chemical Processes and 
Products. In looking at these two classes, we may see some 
remarkable contrasts between them. The first class of arts, 
those which ai'c employed in obtaining and working the 
metals, are among the most ancient ; the aecowi, Wve Bjrta sX 
manufucturiiig chemical products on a\avgeaca\e,a,vea.'vQO'w^ 
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the most modern which exist. In the former clasB, as I have J 
said, Art existed before Science ; men could shape, and n 
and purify, and combine the metals J'or their practical pm 
poseB, before they knew anything of the chemistry of n ' ' 
before they knew that to purify them was to expel oxygen or 
sulphur; that combination may be definite or indefinite. 
Tubal-Cain, in the first ages of the world, was " the inEtnic- 
tor of every artificer in brass and iron ;" but it was very 
long before there came an instructor to teach what was the 
philosophical import of the artificer's practice. In this case, 
aa I have already said, Art preceded Science ; if even now 
Science has overtaken Ai-t ; if even now Science can tell us 
why the Swedish steel is still unmatched, or to what pecu- 
liar composition the Toledo blade owes its fine temper, whit^ , 
allows it to coil itself up in its sheath when its rigid thrurt j 
is not needed. Here Art has preceded Science, and Science 1 
has barely overtaken Art. But in the second class. Science I 
has not only overtaken Art, hut is the whole foundation, thej 
entire creator of the art- Here Art is the daughter < 
Science. The great chemical manufactories which haw 
sprung up at Liverpool, at Newcastle, at Glasgow, owe tid 
existence entirely to a profound and scientific knowledge o 
chemistry. These arts never could have existed if there had 
not been a science of chemistry ; and that, an exact and 
philosophical science. These manufactories now are on a 
scale at least equal to the largest establishments which exist I 
among the succeaaors of Tubal-Cain. They occupy space»J 
not smaller than that great building in which the prodoi 
tions of all the arts of all the world were gathered, 
where we so often wandered till our feet were weary. Tbej 
employ, some of them, five or six large steam-engines ; tlie^ 
shoot up the obelisks which convey away their smoke andj 
fumes to the height of the highest steeples in the world'j 
they occupy a population equal to that of a town, whol 
streets gather round the walls of tie mighty workshop.* Yfl 
these processes are all derived from the chemical theories < 
the last and the present century ; from the investigation 
carried on in the laboratories of Scheele and Kirwan, Bert 
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ollet and Lavoisier. So rapidly in this case has the tree of 
Art blossomed from the root of Science ; upon so gigantic a 
scale have the truths of Science been embodied in the domain 
of Art. 

Again, there is another remark which we may make in 
comparing the First Class, Minerals, with the Third Class, 
or rather with the Fourth, Vegetable and Animal Substantes 
tued in manu/aclures, or as implements or ornaments. And I 
wish to speak especially of vegetable substances. In the 
class of Minerals, all the great members of the class are still 
what they were in ancient times. No doubt a number of 

V metals and mineral substances have been discovered; 
and these have their use; and of these the Exhibition pre- 
sented fine examples. But still, their use is upon a small 
scale. Gold and iron, at the present day, as in ancient times, 
are the rulers of the woi'ld; and the great events in the 
world of mineral art are not the discovery of new substances, 
but of new and rich localities of old ones, — the opening of 
the treasures of the earth in Mexico and Peru in the six- 
teenth century, in California and Australia in our own day. 
But in the vegetable world the ease is different ; there, we 
have not only a constant accumulation and reproduction, but 
also a constantly growing variety of objects, fitted to the 
needs and uses of man. Tea, coffee, tobacco, sugar, cotton, 
have made man's life, and the arts which sustain it, very 
different from what they were in ancient times. And no 

■, I think, can have looked at the vegetable treasures of 
the Crystal Palace without seeing that the various wealth of 
the vegetable world is far from yet exhausted. The Liver- 
pool Local Committee have enabled us to take a starting- 
point for such a survey, by sending to the Exhibition a 
noble collection of specimens of every kind of import of 
that great emporium; among which, as might be expected, 
the varieties of vegetable produceare the most numerous. But 
that objects should be reckoned among imports, implies that 
already they are extensively used. If we look at the multiplied 
collections of objects of the same kind, some from various 
countries, not as wares to a known market, but as specimens 
and suggestions of unexplored wealth, we cam Vio^t wo &.ci\i!o\> 
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that the list of imjioits will hereafter, witli gi-eat advantage be 
enlargetl. Who knows what beautiful materialBforthemal 
of ftimiture are to be foimd in the collections of woods f 
the various forests of the Indian Archipelago, or of Australia 
or of Tasmania, or of New Zealand ? Who knows what we , 
may hereafter discover to have been collected of fruits and 
oils, and medicines and dyes ; of threads and cordage, as we 
had here from New Zealand and from China examples of 
such novelties ; of gums and vegetable substances, whicb 
may, in some unforeseen manner, promote and facilitate the 
processeaof art ? Howrecent is the application of caoutchouc 
to general purposes ! Yet we know now — and on this occa- 
sion America would have taught us if we had not known — 
that there is scarcely any use to which it may not be applied 
with advantage. If a teacher in our time were to construct 
masims like those of the son of Sirach in the ancient Jewiah 
times — like him who says (Ecclus. xxxis., 26) " The principal 
things for the whole use of man's life are water, fire, iron, 
and salt, flour of wheat, honey, milk, and the blood of the 
grape, oil, and clothing" — he could hardly fail to make addi- 
tions to the list, and these would be from the vegetable world. 
Again, how recent is the discovery of the uses of gutta percha 
In the gi'eat collection were some of the original specimens 
sent by Dr Montgomery to the India House, whence speci- 
mens were distributed to various experimentalists.* Yet 
how various and peculiar are now its uses, such as no other 
substance could replace ! And is it not to be expected that 
our contemporaries, joining the insight of science to the in- 
stinct of art, shall discover, among the various soui 
vegetable wealth which the Great Exhibition has disclosed I 
to them, substances as peculiar and precious, in the manner I 
of their utility, as those aids thus recently obtained for the' f 
uses of lifeT 

And before we quit this subject, let us reflect, as it is im- 
possible, I think, not to reflect, when viewing thus the con- 
stantly enlarging sphere of the utility which man draws from I 
the vegetable world, what a view this also gives us of tho'^ 
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bounty of Providence to man, thus bringing out of the earth, 
in every varying elime, endless forms of vegetable life, of 
which 80 many, and so many more than we yet can tell, are 
adapted to sustain, to cheer, to benefit, to delight man, in 
ways ever kind, ever large, ever new, and of which the no- 
velty itself is a new source of delighted contemplation. 

I might go on to make other reflections upon the peculiar 
characters of the various clasBes of the Great Exhibition, but 
the time does not allow me, nor is it needful, since all that I 
aspired to do was to otFer to you specimens of such reflections. 
Several of the classes will, no doubt, suggest appropriate re- 
flections to those who have to deliver lectures to you on spe- 
cial subjects. In the meantime, though I must now hasten 
to a conclusion, 1 cannot but perceive how imperfectly I have 
discharged even the limited task which I ventured to under- 
take. For 1 have as yet said nothing of the effect which 
must be produced upon art and science by this gathering of 
so many of the artists and scientists (if I may use the word) 
of the world together; by their joint study of the productions 
of art from every land, by their endeavours to appreciate and 
estimate the merits of productions, and instruments of pro- 
duction ; of works of thought, skill, and beauty. 

In speculating concerning universities, we are accustomed 
to think that, without underrating the effect of lectures and 
tasks, of professors and teachers, still that among the most 
precious results of such institutions is the effect produced 
upon those who resort thither by their intercourse with, and 
influence upon, each other. We know that by such inter- 
course tliere is generated a community of view, a mutual re- 
spect, and a general sympathy, with regard to the elements 
of a liberal education, and the business of national, social, 
and individual life, which clings to men ever after, and tends 
to raise all to the level of the best. And some such effect as 
this would, we may suppose, be produced upon the students of 
the useful and the beautiful arts by their resort to any univer- 
sity in common. To any university, I have said ; but to what 
a university have they been resorting during the past term ? 
To a University of which the Colleges are all the great work- 
shops and workyards, the schools and sotleUeft u^ a,v\i%,-TOLa.wx- 
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&ctareB, and commerce, of mining and building, of inventing 
and eiecuting in every land — Colleges in which great che- 
misU, great mechanicB, great naturalists, great inventors, 
are already working, in a professional manner, to aid and de- 
vclo|>e all that capital, skill, and enterprise can do. Coming 
from such Colleges to the central University, may we not 
well look upon it as a great epoch in the life of the Material 
Arte, that they have thus begun their university career — 
that tbey have had the advantage uf such academical arrange- 
tuentfl as there have boen found, and still more, as I have 
■aid, that liiey have had the greater advantage of intercourse 
with each other ? May we not expect that from this tJme 
the eminent producers and manufacturers, artizans and 
artintfl, in every department of art, and in every land, will 
entertain for each other an increased share of regard and 
good-will, of sympathy in the great objects which man's office 
an producer and manufacturer, artizan and artist, places be- 
fore him — of respect for each other's characters, and for the 
common opinion of their body, all increased by their being 
able to say, " We were students together at the Great Univer- 
sity in ISSL" 



0« the Infusoria and other Microscopic Forms in Dust-shomert 
and Mood-rain. By Dr C. G. Ehrenberq- 
The infusorial character of the dust occasionally transport 
ed by winds, is one of the most interesting of Ehrenberg'iil 
discoveries. His investigations have been reported from tim 
to time in the Berlin Memoirs and elsewhere, and notices o 
some of his results have appeared in this journal. A me; 
moir in the Memoirs of the Berlin Academy contains I 
details of his various researches, with full pictorial illustr 
tions.* The plates contain, not only figures of all the formifl 
obsei-ved in each case, but a sketch of a portion of the dual 
as it lay under the field of his microscope, exhibiting to t 
eye the relative prevalence of different forms, and the coloi 
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they presented. The showers, whose microscopic organisms 
are here reported, are as follows : — 

I. In the Atlantic, latitude \T 43' A'., and longitude 26° W., 
about 600 miles from the coast of Africa,— -The dust was col- 
lected by Mr Darwin, from the ship in which he was at the 
time. The direction of the wind was from the African coast. 
The dust resembled volcanic ashes, although evidently not 
dF this origin, and about a sixth part of it was silicious shells 
of fresh water and land infusoria, and silicious phytolites, — 
eighteen species of the former, and as many of the latter. 
The most of the forms are European, and none exclusively 
African. Among them there is the South American species 
Himatitidium papilio, which occurs at Cayenne, and also a 
Surirella, probably from the same continent. The conclusion 
follows, as Ehi'enberg observes, that either tlie dust came in 
part from South America, in the upper regions of the atmo- 
sphere, or these two species are yet to he discovered elsewhere. 

II. Other Dust-ghowera in the Atlantic, from the Collections of 
MrDarroin. — These collections were madebetween the years 
1834 and 1838, in latitudes 15°, 17°, 19°, and 21°, part at San 
Jago (Cape Verds),and part within 250 miles of the land, in the 
open sea, between longitudes 22° and 26°. They afford thirty 
new forms to those of the shower above noticed, and include 
also the same South American forms, Himantidium papilio, 
and Surirella Peruviana. In addition, there are three species 
of Eunotia, which have been found only in Senegambia and 
Guiana, together with the Ampkidiscus obiusua, also South 
American. Besides the others, there was one Polythalamium, 
making in all 67 organic forms. Tlie only new species was the 
Munotia longicornis,\vhich is very similar to a Hungarian fossil 
species. No species peculiarly African was found in the dust. 
One, the LiUtostylidium Bajula, occurs at the Isle of France. 

III. Dust which fell at Malta, 15th of May 1830.— This 
dust was obtained by Mr Darwin from purser R. G. Didliom, 
of the ship Revenge. The wind at the time was east-south- 
east, and a similar fall of dust took place at the time, in the 
bay of Palmas, in Sardinia. The number of species afforded 
was 43, of which 15 were Infusorial, 21 Pliytolitharia, and 
7 Polythalamia. Some of the species occur in Afv\<ia, -^at 
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there are uo eharaeteristic African forms — and although 
such showers, with the hot winds that attend them, are 
usually referred to the Sahara desert, they appear to bo 
quite foreign to that region. Among the species, Synedra 
entomon is a characteristic form from Chili, In general cha- 
racter, the species are lilse those of the Cape Verd and other 
showers. 

IV. Siroeco dust of Genoa, May 16, 1846. — In this dust, 
Ehrenberg found 22 species of Polygastrica, 21 of Phjto- 
litharia, and 3 of parts of plants. The forms have much re- 
semblance to those of the Malta and Atlantic showers. The 
colour is yellowish or ochreous, from oxide of iron, and not 
grey like the true African dust, and about one-sixth to one> 
third of tliemass is organic. None of the species are charac-J 
teristic African forms, and Synedra enlomon is South Arae* I 
rican. 

It follows from the preceding results that the showers of | 
the Atlantic, of Malta and of Genoa, are in general alike, in I 
organic, as well as inorganic constitution, and in (he absence ' 
of charade rigtic African forms ; and this resemblance is the 
more surprising, as the observations extend through the long 
period of 16 years, from 1830 to 18i6. They are alike, also, . 
in the brownish red colour of the dust. 

V. Sirocco dust of Lyons, Oct. 17, 1846.— The Lyons ^ 
shower afforded 39 species of Polygastrica, 25 of Phytolith- 
aria, 3 of Polythalamia, besides minute portions of plants. 
In this shower, the organic forms make up about one-eighth 
of the mass. In general character, including colour, there 1 
is a close resymblance to the products of the Atlantic showenr. I 
and the others above described. The specitsa are nearly all. ] 
of fresh-water or land origin ; one-seventh only are marine \ 
species. Tlie most abundant forms of Polygastrica are Eu- 
notia amphiosys, E. gibberula, E. longicomis, Gallionella 
ilecussata, G. granulata, and G. procera ; and those of Phyto- 
Ulharia, Lithosfyliiitum Amphiodon, L, ossiculum, and L. rude. 

There are two South American species, the Eunotia PUeu» 
and Himautidiitm Zi/godon. 

The number of species brought to light from the dust of I 
nine showers thus far deacrihcd, is as follows: — 
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Polygastrica, 57 ; Pltytolitharia, 46 ; Polythalraia, 8. 

Besides these, there are seven kinds of particles from 
plants, and are fragments from an insect- Seventeen of the 
Bpecies are marine, and the other 102 of fresh-water origin. 
There is no evidence of volcanic origin. 

VI. Second specimen from the Genoa ghower of the \Qth 
of May 1846. — All but one of the forms mentioned were 
observed in the former specimen of the dust. 

VII. Storm of red snow in Puster Valley, in Tyrol, March 
31, 1847. — This red snow owed its colour to a coloured dust, 
much resembling that of the Atlantic. Its tint is brownish 
red. 

It afforded, as obtained at two localities, 66 organic forms, 
22 of which were Polygastrica, 28 Phytolitharia, 2 Polytlia- 
lamia, 13 particles of plants, and 1 of an insect. The large 
majority of the species ai'C known fresh water and conti- 
nental forms ; only 4 to 6 species are unknown, 2 are ma- 
rine, namely, Coseinodiscus radiolalus, and a Spiroloculina (?), 
There ia a remarkable resemblance in the colour and cha- 
racter of the dust to that of the Atlantic, Gfenoa, and Lyons, 
and an identity in many of the species ; 46 species out of the 
66 occur in the Sirocco and Atlantic dust ; 12 Polygastric 
species, and 20 Phytolitharia are common to tlie Atlantic 
showers and the Tyrolese snows. This uniformity of cha- 
racter over regions so widely separate, yet in nearly a com- 
mon latitude or zone, and in so many distinct examples 
through a number of years is most surprising. 

VIII. Dust which fdl in Italy in 1803, and in Calabria in 
1813. — The former of these showers is represented as coming 
from the south-east. It afforded 49 species, and that of 
Calabria 64. Out of the 49, 39 have beun observed in the 
more recent showers ; and out of the 64, 61 are like the more 
recent. These showers, although ten years apart, have 2'i 
species in common, or about one-fourth. In both nearly all 
the species are of fresh water or continental origin. In both, 
as in other showers, the most abundant species are ILunotia 
amphioxyg, Galtionella yranulala, G. crenata, G. dislana, G. 
procera, Lithodontia^ Lilhoglylidia. In botb, also, there are 
four South American forms; Coseinodiscug Jlavtcans ivfyisi.^'svw 
and St Domingo; A'arktila undosa fron[\Sttv\ivB.Ti\', Staw cnicis 



28 Dr 0. G. Ehrenberg on the Infusoria and other 

linearis from Chili and North America ; Si/nedra Entomotk^ 
from Chili. The last occurs also in Africa and Asia. There^ 
are no characteristic African species. 

Ehrenberg next mentions facts of a similar kind of earlier '' 
date. Humboldt when in Taramo, on the way from Sogofa 
to Popayan, at a height of 2300 toises (14,700 feet), observed 
a red hail, a fact published by him in the Annates de Chenua 
for 1825. The height of the place gives peculiar interest t^M 
the observation. I 

In 1755, on the 14th of October, at 8 o'clock in tbe moro-^ 
ing, a warm Sirocco wind was blowing at Locarno, near Lago 
Maggiora. At 10 o'clock the air was iilled with a red mist, 
and at 4 o'clock, p.m. there was a blood-red rain, which left 
a reddish deposit, equal to one-ninth of its mass. There fell 
9 inches of this rain in one night. About 40 square German 
leagues were covered with this bloody rain, which also ex- 
tended on the north side of the Alps into Suabia, and 9 fl 
of reddish snow fell upon the Alps. Supposing that the de- 
posit averaged but two lines in depth, there would be for eat 
square English mile an amount equal to 2700 cubic feet- Bail 
actual measurement gave for the depth in some places ab< 
one inch (or Jtb of 9 inches). 

In 1623 there was another blood-rain at Strasburg. It 
happened on the 12tb August, between the houi-s of four and 
five in the afternoon. In tbe year 1222 a similar rain fell 
at Rome for one day and night. Many other like facts are 

Ehrenberg favours the view of the atmospheric origin of 
these showers, and speaks of their relation to the fall of 
aerolites. Chladni, in his work on Meteorites, observes 
that the stones which fell between 1790 and 1819, amounted 
to not less than 600 cwt. ; while for the single dust-shower 
of Lyons in 1846, the material that fell was full 7200 cwt. 
The Cape A''erd showei" had a breadth, according to Darvrin,'' 
of more than 1600 miles, and according to Tuckey, of 1800 ' 
miles, and extended 600 to 800 miles, or even 1000 mileS' J 
from tlie African coast. This gives an area of 960)000 to. j 
1,280,000, or from 1,648,000 to 1,854,000 square miles. 
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Tlie surface of Italy is about 90,000 square miles ; that of 
Sicily 10,000 square miles, malting together 100,000. A 
Bingle dust-Bhower, covering both countries like that of 1803, 
to the extent of that of Lyons in 1846, would deposit 112,800 
cwt. of dust in a single day. With such facta before us, 
Ehrenberg asks, how many thousand millions of hundred- 
weight of microscopic organisms have reached the earth 
since the period of Homer, the time of our earliest record of 
such events ? He adds, " 1 cannot longer doubt, that there 
are relations according to which living organisms may de- 
velope themselves in the atmosphere ;" and he speaks of this 
as a self-development and not a. production from introduced 
ova. He supposes it probable that the atmospheric duat- 
cloud region is of vast extent, and is above a height of 
14,000 feet. The facta may seem inexplicable on any othei" 
hypothesis ; yet much more investigation will be required 
before an opinion ho contrary to received principles can be 
generally adopted. 

Showers of Stood. 

The work proceeds with a historical relation of all showers 
of dust, blood-rain, red snow, and similar phenomena, from 
the earliest records to the present time. This history occu- 
pies 100 pages of the volume. 

The _firgt instance adduced dates about 1500 years before 
the present era. It is the plague of blood inflicted upon the 
Egyptians, as related in the Mosaic history, which prevailed 
throughout the whole land of Egypt, continuing three days 
and three nights. 

The second occurred about 1181 B.C., the time of ^neas 
and Dido, as related by Virgil, ^neid iv., 454 r — 



The l/iird, about 950 n.C, as described by Homer, llias xi., 
V. 52, 64, and also llias xvi., v. 459, 460. 

TUe fourth, about 910 B.C., is the instance of bloody waters 
mentioned in connection with the victory over the Moabites 
in 2 Kings iii., v. 21, 22, 23. 

Ehrenberg mentions then the vain of Woq4 \r \>ife Xatov^ vit 
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ilomulue, as related by Livy, and goes on with other ao- 
counts of Bubsequent date, with regard to whicb the infor* 
■nation is not of as doubtful character as with those just 

alluded to. 

A supplemental chapter contains a notice of meteoric 
dust showers since 1846. One on the Slst March 1847, 
in the valley of Gastein, in Salzburg; another in Arabia, 
January 24, 1848 ; another in Silesia and Lower Austria, 
January 31, 1848. The showers afforded similar fresh water 
and continental forms, with the same South American spe- 
cies before-mentioned, and no characteristic African form. 
Other showers occurred in 1849- In March there was a 
i-eddish dust fell at Catania in Sicily, during a south wind. 
On the 14th April, during a hail storm in Ireland, there 
was a black inky deposit, affording numerous microscopic 
organisms. 

The number of showers which Ehrenberg records is in all 
340, 81 before Christ and 249 after Christ. Ehrenberg re- 
marks that these showers appear to prevail most within a lone 
extending from the part of the Atlantic off the west coast of 
Middle and North Africa, along in the direction of tJie Medi- 
terranean Sea, reaching a short distance north of this sea, and 
continued into Asia between the Caspian Sea and the Persiaa 
Gulf, perhaps to Turkiatan, Kaschgar, and China; and they 
seldom reach north to Sweden and Buesia. This zone, accord- 
ing to the observations of Tuckey, has a breadth of 1800 
miles in the north torrid zone. The reddish colour of the 
dust, as well as the organic forms, shew that the dust is not 
of African origin. Moreover, the storm winds and sirocco 
are found to afford the same species of organisms, 

Ehrenberg repeats again his opinion that these phenomena 
are not to be ti-aced to mineral materials from the earth's 
sm'face, nor to revolving masses of dust material in space, 
nor to atmospheric currents simply ; but to some general 
law connected with the earth's atmosphere, according to 
which there is a self-development within it of living organ- 
isms. 

' I JThe whole number of species gf organisms observed is 320. 

-^ ' -_' >e geiiera there are only the following: Coscinodis- 
cuB, Di/iioneis, Qoniothecium, Grammatophora, and Biddul- 



phia, besides some Polvthalniia and Spongolites. The fal- 
lowing are American forme ; — 

Arcella conGtricta, Eunotia qua.rterDaria, 

Desmogoniuni Guajanonse, . , . quinaria, 

Eunotia Cameius, Gomphonema Vibrio, 

deprcBsa, Himantidium Papilio, 

Pileus, ... Zygodon, 

Naviculo undasa, Stauroncis dilatata, 

Synedra Entomon, Guiriella Peruana, 

Fragmenta iiicerta, 
A simuItaneouB occurrence of dust showers and falls of 
meteoric stones, has been observed in probably eighteen 
instances before the Christian era. During the Christian 
er&, fourteen coincidences have been observed, making thirty- 
two in all. 

(^Tables and Braxvinga of Infittoria in a future Number.) 



Sinffinff Birds and Sweet Flotcers in Jamaica, 
" In tropical countiies, where brilliant and varied colours 
have been granted to the birds and flowers, song has been 
denied to the one and fragrance to the other." This is one 
of those flippant generalisations which people are fond of re- 
peating, originally made without investigation, and perpe- 
tuated without inquiry. In Jamaica it is certainly very far 
from truth ; and I suspect would be found as groundless 
everjTvbere else. The gi'ovea and fields of this sunny isle 
ring with the melody of birds, to a degree fully equal, in my 
judgment, to that of Europe. In the lone forests of the moun- 
tain heights the Glass-eye Merle (Merw/a Jamaicensig) pours 
forth a rich and coTitinued song; and that mysterious har- 
monist, tlie Solitaire {PUlogon^s armillalus), utters his 
sweet but solemn thrills, long-drawn and slow, like broken 
notes of a psalm, so perfectly in keeping with the deep soli- 
tude. In the woods that cover, as with an ever verdant 
crown, the lower hills, the Black Shrike {Tityra leuconotug), 
and the Cotton-tree Sparrow (^Pyrrkula violacea'), enunciate 
their clear musical calls, so much alike as scarcely to be dis- 
tinguished ; four or five notes running up the scale so rapidly, 
as to be fused as it were together, and suddenly falling at 
the end. There, too, sits the Hopping Dick t^Merula leuco- 
^enfff), and whiatha, by the hour together, a vric\v awi hh^-.w 



Buccession of wild notes, clear ami flute-like, like his Euro- 
pean cousin, the Blackbird. The conatautly reiterated call 
of the Red-eyed Flycatcher (Vireosyha oUvaeea), " John 
to whip ! John to whip 1" heard at different distances from all 
parts of the woods, maies their green glades lively ; and the 
loud varied voice of the White-eyed Flycatcher Vireo Nove- 
boracensis), sometimes soft and subdued, sometimes sbnll and 
piercing, is always heai-d with pleasure. 

But birds are particularly social animals ; and it is chiefly 
in the neighbourhood of the presence of man that their 
melodious voices are heard, as if to cheer him in his toil; 
the fields, and pastures, and meadows, the hedges, and hedge- 
row trees, that border and map out his domains ; the orchards 
and groves that surround and embosom his dwellings, afl^ord^ 
log grateful fruit and shadow from the lieat : — these are t 
situations in every inhabited country that most resound v 
the voices of feathered songsters. The beautiful park-l 
estates of the southern slopes of Jamaica, present s 
peculiarly inviting and suitable for the winged orchestra t 
exercise its vocal t-alent ; and the notes of melodious joy arc 
pouring forth in them from earliest dawn to sunset ; ayeJ 
long before dawn, and long after the veil of night has beea 
outspread. The swallows (Hirutido p(Bciloma) that Bhoof 
along in their arrowy traverses over the plains, now darting 
across tite placid stream, now coursing far up in the thin abd 
almost lost in the glaring sun-beam, twitter sweetly as thai 
pass, and now and then one and another sitting on the a 
mit of a low tree, commence a stammering song by no meat 
deficient in music. The Blue Martins [Progne Dominicengigu 
too, sit side by side in close rows on the dead frond of sonia 
tall palm, or on the roof-ridge of the dwelling house i 
utter a slirill but not unmelodious chant. Fi-om the green 
tussocks of the Guinea-grass fields comes the singular holloM 
cry of the Tiehicro (CoiurniculiM lixicrui), and now and agojffi 
he runs to the summit of a stone, or jumps upon a wall, and 
warbles a aweet low song. The clear whistle of the BanaiU 
bird (^Icterus leucopteryx) like the tones of a clarionet, 1 
sound from the fruit trees, among whose deep green foliag) 
his gay hues, rich yellow, white, and black, glance fitfully a 
he shuots to and fro ; and his companions, the little BluM 
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Quits ( Euphonia Jamaica), equally devoted admirers of a ripe 
r sop or cuBtard-apple, accompany his loud notes with 
BtraiDs of their own, full of soft warbling music. And the 
moat minute of birds, the tiny Vervain Humming bird (Jfe/- 
ksuffa Aumilis), not larger than a school-boy's thumb, utters a 
song BO Bvreet, but of sound so alternated withal, that you 
wonder who the musician can be, and are ready to think it 
the voice of an invisible fairy ; when presently you see the 
atom of a performer perched on the very topmost twig of a 
mango or orange tree, his slender beak open and his spangled 
throat quivering, as if he would expire his little soul in the 
effort. — P. U. Goese, Jamaica. 

(To be continued in our next Number^ 



I. Coral Beefs and Islands. II. The Slructxire, Growth, 
and Habits of Coral Zoophtfles. By James D. Dana, Esq., 
Naturalist to the American Exploratoi-y Expedition. 

1. General Features of Coral Reefs and Islands. 
The general features of reefs and coral islands have often 
been delineated by travellers, and are probably almost as 
familiar to the reader as the scenes of the land around us. 
Yet a few brief remarks on this subject will not be out of 
place here as preliminary to our observations on the struc- 
ture, growth, and habits of coral zoophytes. 

Coral Beefs. — A wide platform of rock covered with the 

sea, except at low tide, borders most of the high islands of 

the Pacific. It is a vast accumulation of coral, based upon 

the bottom in the shallow waters of the shores. This bank 

or table of coral rock, is of varying width, from a few hundred 

feet to a mile or more ; and, although the surface is usually 

nearly flat, it is often intersected by irregular boat-channels, 

iionally encloses large bays, affording harbour pro- 

.teetion to scores of ships. In very many instances the reef 

.stands at a distance from the shores like an arti6cial mole, 

leaving a wide and deep channel between it and the land ; and 

'ithin this channel are other coral reefs, some in scattered 

latches, and others attached to the shore. The inner reef in 

%bese cases, is distinguished as the fringing reef, and the 

iter as the barrier reef. The sea rolls in \\ea.N"j %\it^>i'ft 

mst tbe oater margin of the barrier ; \i\it ftie s.^^)^ ■w&X.m* 
TO& LIT. NO. cm.— JANUARY 1852. "^ 
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of a lake prevail within, affording safe navigation for the 
tottling canoe sometiines through the whole circuit of an 
island ; and not unfrequently, ships may pass, as by an in- 
ternal canal, from hai-bour to harbour around the island. 
The reef is covered by the sea at high tide, yet the smoothw 
waters indicate its extent, and a line of breakers its outluiA.I 
Occasionally a green island rises from the reef, and in BonMil 
instances a grove of palms stretches along the barrier fi 
miles, where the action of the sea has raised the coral »f 
ture above the waves. 



The sketch annexed conveys some idea of the pecutll 
features presented by a Pacific island, and its encirclin 
reefs, though in order to fill oat the scene, the jagged heigW 
and deep gorges of the islands should be covered i 
forests, and the shores with groves and native villages, 
coral platform which borders the shore is represented vfiS 
its usual uneven line, — its broad harbours with i 
entrance, — and to the left, an irregular ship-channel ninnin 
between the inner or fringing reef, and the outer or barrie 
At a single place the sea is faced by a cliff, and here, owing,] 
to the boldness of the shores and the depth of the watera^.l 
the reef is wanting. To the right there is only a fringin( 
reef. 

Coral Islands. — Coral islands resemble the reefs just dei 
scribed, except that a lake or lagoon is encircled instead ofl 
a mountainous island. A narrow rim of coral reef, generallyi J 
but a few hundred yards wide, stretches around the encloa* 
waters. 



In soma parts it is so low that the waves are still dashi^ 
over it into the lagoon ; and in others, it is still verdant w 
the rich foliage of the tropics. T\ie coTaV-maie ^a.'Q&., -wVw^ 
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highest, is seldom elevated over eight or ten feet above high 
tide. 

When first seen from the deck of a vessel, only a series 
of dark points is descried just above the horizon. Shortly 
after, the points enlarge into the plumed tops of cocoa-nut 
trees, and a line of gi-een, interrupted at intervals, is traced 
along the water's surface. Approaching still nearer, the lake 
and its belt of verdure are spread out before tlie eye, and a 
scene of more interest can scarcely be imagined. The surf 
beating loud and heavy along the margin of the reef, pre- 
sents a strange contrast to the prospect beyond, — the white 
coral beach, the massy foliage of the grove, and the em- 
bosomed lake with its tiny islets. The colour of the lagoon 
water is often aa blue as the ocean, although but fifteen or 
twenty fathoms deep ; yet shades of green and yellow are in- 
termingled, where patches of sand or coral knolls are near 
the surface ; and the green is a delicate apple-shade, quite 
unlike the usual muddy tint of shallow waters. 

The belt of verdure, though sometimes continuous aroond 
the lagoon, is usually broken in some parts into islets, which 
are separated by varying intervals of bare reef ; and through 
one or more of these intervals a ship-channel occasionally 
opens into the lagoon. The larger coral islands are thus a 
string of islands arranged along a line of coral reef. The 
King of the Maldives bears the high sounding title of 
" Ibrahim Sultan, King of the thirteen Atollona and Twelve 
Thousand Isles ;" which Captain W. F. W. Owen, K.N., 
remarks is no exaggeration. 

The usual features of these islands are presented in the 
above sketch. The narrow belt is seen to consist of several 
patches of vegetation, and within are the quiet waters which 
offer a retreat for vessels whenever there is aji opening to 
the lagoon. 

A few small coral islands are simple reefs without lagoons. 
In some eases they are bare banks of coral ; but generally, 
the usual vegetation of the islands has obtalaed a foothold, and 
afford some protection against the glare of the coral sand.* 

* For fuFther obaotTstJoDa on Coral Reefs and laiendi vidt Daaa'a MemQit 
in Saiiman's JouroBl, May 1S51. 
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II. Structure, Growth, and HabiU of Coral Zoophylet, 

1. Slructnre and Growth of ZoophyUs. 
A singular degree of obscurity has been thrown around the 
growth of coral zoophytes and coral formations, through the 
various speculations whicli have been offered in place of 
facts ; and to the present day, the subject is seldom men- 
tioned without the qualifying adjective mi/sterioiis expressed 
or understood. Some writers, scouting the idea that reef» ] 
of rocks can he due in any way to " animalcules," talk ol ] 
electrical forces, the first and the last appeal of ignorance. 
Others call in the fishes of the seas, suggesting that they 
are the maSons, and work with their teeth in the accumula- , 
tion of the calcareous material. Very many of those who ' 
discourse quite learnedly on zoophytes and reefs, imagine 
that the polyps are mechanical workers, heaping up these 
piles of rock by their united labours ; and science still re- 
tains such terms as polypary, polypidom, as if each coral 
were the constructed Jiive or house of a swarm of polj'pa, 
like the honeycomb of the bee, or the hillock of a colony of 
ants. 

It is vain to hope to understand fully the works of Him ■ 
who is himself infinite and incomprehensible. The scrutiniz- 
ing eye of science penetrates with far-reaching sight the 
system of things about us, and in the dim limits of vision 
reads everywhere the word mystery. All life, animal and 
vegetable, and all that is inanimate, declare it ; surely there 
is no special reason, except such as may arise ft'om want of 
study and consideration, for attributing it pre-eminently to 
the humblest grades of existence. 

It is not more surprising nor a matter of more difficult I 
comprehension that the polyp should form coral, than that f 
the quadruped should form its bones, or the mollusc its shelL j 
The processes are similar, and so the result ; in each case it J 
is a simple animal secretion, a formation of stony matter | 
from the aliment which the animal receives, produced by 
certain parts of the animal fitted for this secreting process. 
This power of secretion is the first and most common ofl 
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thoBe that belong to living tissues ; and though differing in 
different organs according to their end or function, it is all 
one procesB, both in nature or cause, whether in the animal- 
cule or in man. Coral ia never, therefore, an agglutination 
of grains made by the handiwork of the many armed polyps ; 
t ia no more an act of labour than bone-making in our- 
aelvea. And, again, it is not a collection of cells into which 
the coral animals may withdraw for concealment, any more 
than the skeleton of a dog is its house or cell ; for every 
part of the coral of a polyp in moat reef-making species 
is enclosed within the polyp where it was formed by the 
secreting process.* 

It is important that this point should be thoroughly under- 
stood, and fully appreciated. That error may no longer be 
perpetuated, the words polypary and the like, have been 
rejected by the author in hia volume on Zoophytes, and the 
e familiar term corallum has been used instead. t With 
this introductory explanation we proceed. 

Structure of Coral Animals or Polyps. — A good idea of a 
coral polyp may be had from comparison with the garden aster; 
for the likeness in external form and delicacy of colouring is 
singularly close. The aster consists of a tinted disk bordered 
■with one or more series of petals ; and in exact analogy, the 
polyp flower, in its most common form, has a disk often 
richly coloured, fringed around with petal-like organs called 
tentacles. Below the disk, in contrast with the alender pedi- 
cel of the plant, there is a stout cylindrical pedicel or body, 



at perhapa within the range of sciGnce to criticise the poet ; yet wa 
mikjBAj iaihi& piuce, in view of ttie frequent asB of the lines even hy acientifio 
nore error in tbe same compass conld scarcely be foond than in the 
p»rt of Montgomery's Pelican Island, relating to coral formationa. The poetry 
'Is l}«autif 111, the fuuts nearly all errora— if lltGrnture nlloH'a of anch an incon- 
grnltj. For ourBclves, we think the poet trdnscsada his appropriate liioits, 
irheD false to cature. 

t See page 15 of the Report on Zoopbjtee. The term corallium ha« heen 
t aside by authors because of ita being Maud for a genua of corals. ComUwm 
»n old form of the same word, an particularly e:iplained on the page just re- 
ferred to, and ia nut liable to thia objection. The true nature of calcareoui 
tlret pointed out by Milne, bMwarda, and Ghrenberg. 
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often aa troad as the disk itself, and usually not much longer, 
which contains the stomach and internal cavity of the polyp ; 
and the mouth, which opens into the stomach, is placed at 
the centre of the disk. Here, then, the flower animal and 
the garden-flower diverge in character, the difference being 
required by the different modes of nutrition in the two king- 
doms of nature- 
There are many species of polyps, which have all the ex- 
ternal and internal characters of coral polyps, yet secrete no ] 
lime or coral. Our descriptions of structure may be beat 
drawn from them, and afterwards the single peculiarity of 
the coral-making polyp — -\t% secretion of coral — will come 
under consideration. The species here refeiTed to are called 
ActinicR in science, in allusion to the radiated or aster-lik** 
flowerwhich forms the summit of the animal.* There is thflil 
same allusion in the common appellation Sea Anemone. The 1 
richest anemones, daisies, and tulips of our gardens would \ 
not rival them in beauty, neither will they exceed them in the i 
size of their flowers ; for a breadth of two and three inobeB 
is common. The polyps here alluded to, along with the coral 
polyps allied, constitute the order or division of zoophytes 
called Actinoidea-t 

The Aetiniie are entirely fleshy, and usually live attached'! 
by their lower extremity to the submerged rocks of the sfaores.4 
The mouth, at the centre of the flower-bke disk forming the 
summit of the animal, is a simple opening without teeth op 
appendages of any kind. The tentacles — the petals of the 
flower — are tubular organs, and communicate internally with J 
the interior cavity of the animal. The animal contracts when I 
disturbed, and conceals the flower by rolling inward over it,\ 
the margin bearing the tentacles ; and in this state it seemttl 
like a lifeless lump of animal matter. Left quiet for a while, T 
it again expands and appears as before. This expansion ^ 1 
produced by receiving water into the interior from withont, 1 
mostly through the mouth, and thus filling the tentacles and 
swelling out its fleshy body- They are generally found ex- 

* From ax*""' " ™* "^ '** '""' 

t Thl> terra Btlndea to their general reeemblsme to Actiniat. 
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panded with the mouth wide open to receive their prey. As 
they are fixed to the rocks, they muat wait for their food to 
come to them. When a crab, shell fish, or any thing alive, 
within the capabilities of their bodies, comes within reach, 
they usually secure it by closing upon the victim the tenta- 
cles (which commonly have a stinging power), and pushing 
it into the mouth. In many species the tentacles are too 
short to aid in capturing food except it be by stinging. These 
organs subserve also the purpose of aerating the blood, a 
function in which all parts of the body are more or less 
concerned. 

The interior of the actinia contains a cylindrical stomach 
suspended from the disk, which opens at bottom into the gene- 
ral cavity of the body. This general cavity, below the sto- 
mach and around it, is divided into compartments by radiating 
fleshy lame lite, the larger of which in their upper part connect 
the stomach with the sides of the animal. The most im- 
portant function of these lamelliB is that of reproduction, 
some being spermatic, and the others hearing clusters of ova. 
These ova leave the body hy passing out through the stomach 
and the mouth ; but in many instances this does not take 
place till the young animal has proceeded from them. The 
refuse from the food after digestion in the stomach is also 
ejected by the mouth, as this is the only opening to the 
alimentary cavity. Other escreraentitious matters, separated 
on the hnal elaboration of the chyle aud its assimilation, may 
escape through the sides of the animal, the openings at the 
extremities of the tentacles, or in general hy whatever pores 
or passages water may be ejected in the contraction of the 
animal. 

One of the most singular peculiarities of polyps is their 
ready restoration of a lost part. Even a fragment will go 
on to complete the entire animal again ; as with the fabled 
hydra of old, the knife is used but to multiply, for every sec- 
tion becomes a new animal. 

In all the points mentioned in the description here given, 
the polyp of ordinary coral and the actinia are identical. 

b. Process of Budding. — There is one mode of reproduction 
which, although having no necessary connection with CQ-ra-V 
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secretions, belongs almost exclusively to coral polyps. 
is reproduction bt/ buds, and the process ia so siniilur to the 
production of buds in vegetation, that a remembrance of titrnM 
latter will aid much in conceiving of it. The hud generally^ 
commences as a slight prominence on the aide of the parent : 
the prominence enlarges, and soon a circle of tentacles grows 
out, with a mouth at the centi-e ; enlargement goes on till the 
young finally equals the parent in size. Thus by budding, a 
compound group is commenced ; and it is evident that if the 
parent and the new polyp go on budding again and so on, the 
compound group may continue to enlarge. Thia ia the fact 
in nature. The polyps, one and all, continue propagating by 
buds, until in some instances thousands, or hundreds of thou- 
sands, have proceeded from a single one, and the colony has 
spread to a large size. Such is the Madrepora and Astrsea. 
There are modifications of this process analogous to those _ 
in vegetation, but we need not dwell upon them in ' 
place. 

It is obvious that the connection of the polyps in snch i 
compound group must be of the moat intimate kind. ' 
several polyps have separate mouths and tentacles, 
separate stomachs ; but beyond this there is no individual 
property. They coalesce, or are one, by intervening tissuesJ 
and there is a free circulation of fluids through the c 
pores or lacunes. The zoophyte is like a living sheet of 
animal matter, fed and nourished by numerous mouths and 
as many stomachs. In some species the coalescence is con- 
fined to the lower half of the polj-ps, or to a still less part; I 
and in this case the animals project above the general livJ^ 
ing surface. Polyps thus clustered, spreading at summit a 
star of tentacles, constitute the flowering zoophytes of corad 
reefs. 

Those coral animals which do not bud are to all external 
appearance true actinite. The existence of coral in the living; 
coral zoophyte is nowhere apparent, and would not be 8uB> 
pected if not previously known ; for, as before stated, 
wholly internal, and the visible exterior ia the fleshy skin n 
the polyp. 

. Secretion of Coral. — We have already remarked on ihx 
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general natui-e of coral secretions. These secretions, it 
should be further observed, increase within simnltaneoualy 
with gi'owth, and every new animal adds to those previously 
formed. They go on throughout the sides and base of each 
polyp, excepting generally the exterior skin, as above stated ; 
and the whole forma a calcareous framework penetrated by 
the animal tissuea, some of these tissues corresponding to 
ftnd occupying the cellules of the corallum, and others pene- 
trating the solid parts in minute ramifications. Coral is also 
secreted between the radiating fleshy lamella3 of the internal 
cavity of the polyp, producing the radiated calcareous lamellte 
which constitute the star of a cell. In the corallum of a Ma- 
drepora or an Aati'sea, each surface cell or star belonged to 
a separate polyp, and the star was formed as here explained. 

It would lead to a too long digression from the main topic 
before us, to explain the principles upon which the forms of 
zoophytes depend. They are dwelt upon at length in another 
volume. In this place we may briefly allude to the principal 
varieties of form proceeding from the budding process, and 
to a single point in their mode of growth, upon which much 
of their importance in reef-making depends. 

d. Forms of Actinoid Zoophytes. — Zoophytes imitate nearly 
every variety of vegetation. Trees of coral are well known ; 
and although not emulating in size the oaks of our forests— ■ 
for they do not exceed six or eight feet in height — they are 
gracefully branched, and the whole surface blooms with coral 
polyps in place of leaves and flowers. Shrubbery, tufts of 
rushes, beds of pinks, and feathery mosses, are most exactly 
imitated. Many species spread out in broad leaves or folia, 
and resemble some large leaved plant jnst unfolding ; when 
alive, the surface of each leaf is covered with polyp flowers. 
The cactus, the lichen clinging to the rock, and the fuugua in 
all its varieties, have their nunoerous representatives. Be- 
sides these forms imitating vegetation, there are grace- 
fully modelled vases, some of ivhich are three or four feet in 
diameter, made up of a net work of branches and branchlets, 
and sprigs of flowers. There are also solid coral hemi- 
spheres like domes among the vases and shrubbery, occasion- 
ally ten, or even twenty feet in diameter, who%e ^'jto.Ttv^'wiii^ 
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surface is gorgeously decked with polyp stars of purple oni 
emerald gi-een.* 

All the many shapes proceed in each instance from a singli 
germ, which grows and buds under a few simple laws at 
development, and thus gives origin either to the branch, th* 
broad leaf, the column, or the hemisphere. 

e, Life and Death in Concurrent Progress. — But the mort 
massy forms would not exist, and others would be of dimi- 
nutive size, were it not for a peculiar mode of growth which 
chai-acterisea moat coral zoophytes. 

Life and death are here in concurreutor parallel progress 
a condition favoured by the existence of coral secretions. In- 
some instances, a simple polyp, while growing at top and 
constantly lengthening itself upward, is dying at its lowet 
extremity, leaving the base of the coral bare, and destitute 
of any living tissues. The polyp thus continues rising in. 
height, and death progresses below at the same rate, till 
at last the live polyp may be at the extremity of a coral 
stem many times its own length. This process is illustrated 
by figures on pages 62 and 78 of the Report on Zoophytes. 

In species which bud and form large groups, the same ope- 
ration takes place. In some instances the summit polyp 
polyps bud and grow, while at a certain distance below the 
summit, the work of death is going on and polyps are gradu- 
ally disappearing. There is thus a certain interval of life, 
the length of which interval is different for different species.. 
There are zoophytes which grow to a height of several feel 
and still only the upper one or two inches are living. Th9 
recent polyps at the top of the column are active ivitb lif^ 
and vigorous in reproduction, while the more aged below, 
having reached the fixed limits of their existence, are disap- 
pearing. The enduring coral remains and constitutes the 
basement or stage of action for future generation of polyps. 

But this death is not in progress alone at the base of the- 
column or branch. Generally the tvkoie interior of a corallum 
is dead, a result of the same process with that just explained. 
Thus, a Madrepora, although the branch may be an inch in* 



•diameter, is alive only to a depth of a line or two, the grow- 
ing polypa of the surface having progreesively died at their 
lovrer or inner extremity as they increased outward. 

The large domes of Astrfeas, which have been stated to 
attain sometimes a diameter of ten or twenty feet, and are 
alive over the whole surface, owing to a symmetrical and un- 
limited mode of budding, are nothing but lifeless coral through- 
out the interior. Could the living portion be separated, it 
would form a hemispherical shell of polyps, in most species 
about half an inch thick. In some Pontes of the same size, 
the whole mass is lifeless, excepting the exterior for a sixth 
of an inch in depth. 

With such a mode of increase, there is no necessary limit 
to the growth of zoophytes. The rising column may grow 
upward, until it nears the surface of the sea, when death 
ensues simply from exposure, and not from any fn.ilure in its 
powers of life. The huge domes may enlarge till the same 
exposure just mentioned causes the death of the summit, and 
es only the sides to grow, which may increase indefin- 
itely. Moreover, it is evident that, if the land supporting 
the growing coral were very gradually sinking, the upward 
increase of the coral might still be without limit. 

There is hence sufficient means provided for the production 
of coral material for islands, however numei'ous. These humble 
ministers of creative power might, without other attributes 
than those they now possess, have laid the foundations of 
continents, and covered them with mountain ranges. This 
remark requires no limitation if we allow the requisite time, 
and connect with the power of growth such other agencies, 
«oon to be explained, as have been at work in the Pacific 
since the reefs were there in progress. 

The death of the polyps about the base of a coral tree 
would expose it seemingly to immediate wear from the waters 
around it, and especially as the texture is usually porous. 
But nature is not without an expedient to prevent a catas- 
teophe that would be destructive to a large part of growing 
zoophytes, and would prevent the indefinite increase just 
explained. The dead surface becomes the resting place of 
numberless small incrusting species of corals, besides NuUv- 
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pores, Serpulas, and some molluscs. In many instances 
lichen-like Nullipore grows at the same rate with the rata lj 
death in the zoophyte, and keeps itself up to the very limit 
the living part. The dead trunk of the forest becomes covei 
with lichens and fungi, or in tropical climes, with other folii^ 
and various foreign flowers : so among the coral productions 
of the sea there are forms of life which replace the dying 
polyp. The process of wear is thus entirely prevented. 

The older polyps, before death, often increase their coral 
secretions within, filling the pores occupied by the tissues, 
and rendering the corallum more solid ; and this is another j 
means by which the trees of coral growth, though of slend^> 
form, are increased in strength and endurance. 

The facility with which polyps repair a woimd, aids in 
carrying forward the results above described. The breaking 
of a branch is no serious injury to a zoophyte. There is often 
some degree of sensibility apparent throughout a. clump, erw 
when of considerable size, and the shock, therefore, may oo- 
casion the polyps to close. But in an hour, or perhaps much 
less time, their tentacles will have again expanded ; and such 
as were torn by the fracture will be in the process of com- 
plete restoration to their former size and powers. The frag- 
ment broken off, dropping in a favourable place, would become 
the germ of another coral plant, its base cementing by 
of coral secretions to the rock on which it might rest 
still in contact with any part of the parent tree, it would b»' 
reunited and continue to grow as before. The coral eoophytfr 
may be levelled by transported masses swept over by the 
waves ; yet, like the ti-odden sod, it sprouts again, and continues 
to grow and flourish as before. The sod, however, has roots 
which are still unhurt ; while the zoophyte, which may be 
dead at base, has a root — a source or centre of life — in everji 
polyp that blossoms over its surface. Each animal might, 
live and grow if separated from the rest, and would ultimately' 
produce a mature zoophyte. 

We close this review of the characters of coral animals,, 
which is a mere abstract of the fuller descriptions in the 
General Report on Zoophytes, by alluding briefly to a second 
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diviaion of zoophytes, not yet touched upon, and also to the 
Hydroidea and Bryozoa, which are likewise coral-making 
animals. 

T^e Alcj/oHoidea. — The polyps of the Alcyonium* group of 
zoopliytes diiFer from those which have been occupying ua, in 
having hut eight tentacles, and these are fringed with minute 
papillae. The organ-pipe coral (Tubipora), is of this kind. 
When expanded in the sea, a clump resembles a bed of pinks, 
or looks like a lilac-cluster that had been dropped in the 
I water ; and this resemblance extends to the colour and size 
L of the fiowei-s as well as their form. 

■ Some of these zoophytes secrete lime and form a tube ; and 
r of this kind is the Tubipora, Others secrete only scattered 
granules of lime through the tissues ; and still others are 
fleshy throughout. Many of them, besides forming granular 
. calcareous secretions within the body of the polyp, give origin 
to a horny secretion at base, analogous to the epidermic se- 
cretions (hair-nails) of other animals ; and this secretion 
receiving constant additions from the polyps as thoy are suc- 
cessively budded out, forms the axis of tbe growing branch. 
Of this character is tbe horny axis of tlie Gorgonia or sea- 
fan, which was long taken for a vegetable production. The - 
crust which covers the axis consists of united polyps, which 
expand over its surface ; and when expanded, each branch 
becomes a spike of flowers. 

The Hydroidea. — The Hydroidea include the groups Hy- 
dra, Sertularia, Tubularia, and the allied. Some species form 
thready tufts and plumes of ex;treme delicacy, and others 
(the Hydne) are simple polyps. The fine branchlets of the 
feathery species consist, when dead, of one or two series of 
microscopic cells arranged like tiny cups, tubes, or goblets, 
along the stem ; and when alive, each cell is the site of a 
minute flower animal. A coronet of tentacles surrounds the 
jnoath, as in the actiniae, though somewhat different in cha- 

* ThU Duae is derived IVom AlcjOQe, the iablod dnuehter of Neptune, and 
idthougb from a Greek word, hnving the upirata breatlitDg to tbe first lotter, 
It waa written by the Latiiu ta bero (sud by LlnnEetu and otbere), without 



James D. Dana, Esq., on the Strueuire, 

racter. The internal cavity is a simple tube without radiating 
lamellfe or special organs of reproduction, and the gemmnleB 
grow out singly or in bunches from the sides of the animal. 
The Hydra, an animal a line or two in length, consists of a 
tubular body, with a mouth at one extremity, surrounded by 
a circle of tentacles ; and the structure of the animal is bo 
simple that it may be turned inside out, and still live and 
eat ; it may te cut into forty or more parts, and from the 
dissected body will grow as many distinct Hydrse. The 
Hjdroidea are all minute, and act no important part in reef- 
making. 

Tlie Hydroidea were long considered mature animals. But 
recent investigations have shewn that part at least develop 
Medusae, which are properlythe adultiudividuals, since these 
alone produce true ova. This division has therefore been 
recently removed from the zoophytes, and placed with the 
Acaleplis or jelly-fishes. 

T/ie Bi-i/ozoa. — The Bryozoa are other coral-maMng species; 
but they are related to certain molluscs called Ascidite rather 
than to zoophytes. In habit and size, they much- resemble 
the Hydroidea. From a minute cabin-like cell, the^^extend 
a circlet of slender arms or tentacles, and expand intdi.a de- 
licate goblet-shape flower, seldom over a line in dianfcter. 
These polyps differ, both from the Aetinoidea and Hydroi^^ 
in having two extremities to the alimentary canal — an anul 
as well as a mouth ; the intestine curves around and term! 
nates in the disk. They are widely removed from true z* 
phytes, both by this character and also by having the tel 
tacles furnished with vibratile cilia, — that is, minute apper 
dages resembling short hairs, which are kept in nearly con- 
stant vibration. Some species of Biyozoa form thin crusts 
over rocks or sea-weeds, consisting of united cells, scarce!' 
distinguishable unless magnified. The corolla of other speeiej 
are branching or thin foliaccons; and these also consist 
series of minute cells. 

2, Texture and Composition of Corals. 
The texture of calcareous corals is in general quite porousV 
orcelJular. Small stars or rounded depressions are scatterei 
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over the surface, and sometimes these stars form the centres 
of small promiuenees, called calicles (little eupa). Besides 
the polyp cells, which mark the poaition each of a separate 
polyp, there are pores or cellules penetrating the texture of 
the coral mass ; yet in some zoophytes, the coral secretions 
continue increasing in the animal till the pores are almost 
or quite obliterated, and the texture is nearly compact, 
the polyp cells alone remaining. In many species, wherever 
there are concavities of much depth in the surface of a zoo- 
phyte, the coral of these concavities is loose or more spongy 
than elsewhere, for the reason, apparently, that the polyps 
in such pai-ta have a poorer chance for securing food and 
fresh portions of water. 

In the Gorgoniie, and other species forming a distinct axis 
to the branches, this axis is solid, without a trace of a cell, 
and usually with faint evidences of a concentric structure. 
It is thus that the red coral of commerce used in jewellery, 
differs from the Madrepore or common white coral ; it is the 
axis of a species of Corallium ; and the polyps constitafced a 
layer about it, in the same manner as the polyps of Gorgoniee 
cover the homy axis of these species. 

In ^are/ne«s, the common calcareous coralsare a little above 
ordinary limestone or marble, the degree being represented 
in the mineralogical scale of Mohs, by 35 to 4, while in lime- 
stone it is about 3, The ringing sound given when coral ia 
struck with a hammer, indicates this superior hardness. It 
is a common error of old date to suppose that coral when first 
removed from the water is soft, and afterwards hardens on 
exposure. But, in fact, there ia scarcely an appreciable dif- 
ference ; the live coral has a slimy feel in the fingers, but if 
washed clean of the animal matter, it is found to be quite 
firm. The waters with which it is penetrated, may contain 
a trace of lime in solution, which evaporates on drying, and 
adds slightly to the strength of the coral, but the change is 
hardly appreciable. A branched madrepore rings on being 
struck when first collected ; and a blow in any part puts in 
hazard every branch throughout it, on account of its elasticity 
and brittleness. Its specific gi-avity varies from 2 5 to 2-8 : 
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2-523 was the average from fifteen apecimens examined bj 
Professor B. Silliman junior.* 

In composition, the common reef corals, of which the branch- 
ing Madrepora and the massive Astrteas are good examples, 
consist almost wholly of carbonate of lime, the same ingre- 
dient which constitutes ordinary limestone. In 100 parts, 
90 to 96 parts are of this constituent; of the remainder, 
there are 3 to 8 parts of organic matter, with some earthy 
ingr d t ting in certain species to 2 parts, though 

ofte 1 th 1 These earthy ingredients aro silica, mag- 
nes 1 n ^ide of iron, phosphate of magnesia, and 

fluo d f m sium and calcium. The following is the 
result f f Mr Silliman's analyses from those made by 

htm for the Report on Zoophytes.^ The specimen was a 
Poritesfrom the Sandwich Islands. It afforded, — Carbonate of 
lime, 95'84 ; Phosphates, fluorides, &c. 2-05 ; Organic matter, 
211. The various earthy ingredients are included in the 
second line of the analyses, in this species, amounting to 
2^05 per cent. One hundred parts of the same, subjected to 
exact analyses, gave the following result ; — Silica, 22*00 ; 
Lime, 13'03 ; Magnesia, 7-66 ; Fluoride of calcium, 7'83 ; Fin-, 
oride of magnesium, 12*48; Phosphate of magnesia, 2*70; 
Alumina (and iron), 16*00 ; Oxide of iron, 18*30. In other 
analyses, similar results were obtained, with sometimes a 
larger proportion of fluorides. 

The horny corals (axes of Gorgonice and Antipathi) were 
found by Hatchett to have nearly the constitution of ordi- 
nary horn. J 

The sea-water and the ordinary food of the polyps are 
evidently the source from which the ingredients of coral are 
obtained. As coral is an animal secretion, there is no good 
reason for the surprise with which this subject is sometimes 
approached. The same powers of elaboration which exist 

* Report on Zooiihyt^n, p. 713. On page 711, it is BUggesled lij the author 
that tl)B high degrEi! of hnrdnesB, which charep.terisea the corals and also th« 
shells of many mulluECB, may arise from the structure of the cslcaFeouB eecretiaiia 
being like that of Arugouite, instead of eommon calc npar. 
near that of Aragonite, though sometimes a little eicpeding 

t Op. oil,, p, 712, and this Journal (2), 1-18B. 
i Raport on Zoophytea, p. 56. 
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in other animals belong to polyps ; for this function, as we 
have remarked, is the lowest attribute of vitality. 

Neither is it at all necessary to inquire whether the lime 
in sea-water exists as carbonate or sulphate, or whether 
chloride of calcium takes the place of these. The powers of 
life may make fram the elements present whatever results 
the functions of the animal require.* 

Various waters were collected in the vicinity of the coral 
islands, and at different distances from tbem, for the purpose 
of analysis, in order to compare the constitution of the sea 
in different parts ; but they were lost with the Peacock on 
the bar of the Columbia river. The proportion of lime salts 
which occurs in the water of the ocean is about ^V to sV "^ 
all the ingi'edients in solution. Professor Forchammer has 
ascertained that around the West Indian seas, where corals 
abound, lime is not as abundant as elsewhere in the ocean, 
the proportion, according to five analyses, being 247 to 
10,000 ; while in the Kattegat, where the rivers of the Baltic 
carry it in considerable (juantities, the proportion, from four 
analyses, is 371 to 10,000. t Schweitzer obtained the follow- 
ing results in water taken from the British Channel:]; — 
Water 964-74 grains ; chloride of sodium, 2706 ; chloride of 
potassium, 0'77 ; chloride of magnesium, 3-67 ; bromide of 
magnesium, 0'03; sulphate of magnesia, 2'29 ; sulphate of 
lime, 1-41; carbonate of lime, 0-03= 1000-00. 

Recently Dr G. Wilson has detected fluorine in sea-water, 

*If adropof fiBa-waterbe bIowIj evaporated under a microBcopeaf high power, 
crjstala of Gelenita (sulphate of lime) are produced, haying the mast common 
fomrf presented hj natiTe crystals af this mineral, as elated in works on minera- 
logy. On adding more water, they are again dissolved; and this may bo 
repeated iadeRnltBly. These reeulte would seem to indicsta that the limo was 
mostly in the state of a sulphate. Mr DarwiQ states tbe rematkable fact, de- 
scribed by Mr Webster (Voyage of the Chanticleer, ii,, 319J, that a deposit of 
■alt and gypsum two feet thich occura on the shores of Ascension, which was 
formed by the dash of the waves. Beautiful crystals of selenite were obtained 
bj the writer in togs of half decomposed wood in the shore cliffs near Oallao, 
which were of similar origin. 

t On Comparative Analytical Kesearches on &ea-Water, by Prof. Forcbam- 
raer, Rep. Brit. Assoc, for 1316, p. 90. 

J Lond. and Ed, Phil, Mag. for July 1839. iv.. 51; Amer. Jour. Sci., 
iMvliiT 12. 

VOL. Ltl. SO. cm. — JANUARY 1852. O 
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shewing that all the ingredients of coral are actually co 
toined in the waters of the ocean.* 

It has been common to attribute the origin of the lime 
corals to the existence of carbonic acid springe in the vicini 
of coral islands. But it is an objection to such a faypothesis, 
that, in the first place, the facts do not require it ; and in 
the second, there is no foundation for it. The islands have 
been supposed to rest on volcanic summits, thus making one 
hypothesis the basis of another. Carbonic acid springs are 
by no means a universal attendant on \x)Ieanic action. The 
Pacific affords no one fact in support of such an opinion. 
There are none on Hawaii, where are the moat active fires 
in Polynesia; and tlie many explorations of the Society and 
Navigator Islands have brought none to light, Some of the 
largest reefs of the Pacific, those of New Holland and New 
Caledonia, occur where there is no evidence of former vol- 
canic action. t 

The currents of the Pacific are constantly bfiaj^g ne' 
supplies of water over the growing coral beds, and the whole 
ocean ia thus engaged in contributing to their nutriment. 
Fish, molluscs, and zoophytes are thus provided with earthy 
ingredients for their calcareous secretions, if their food faila 
of giving the necessary amount; and by means of the powers 
of animal life, bones, shells, and corals alike are formed. 

The origin of the lime in solution throughout the ocean is 
an inquiry foreign to our present subject. It is sufficient here 
to shew that this lime, whatever its source, is adequate to 
explain all the results under consideration, 

3. Causes influencing the Growth of Coral Zoophytf 
Marine zoophytes generally require pure ocean water, and 
they abound especially in the broad inner channels among 
the reefs, or the large lagoons, and in the shallow waters 
outside of the breakers. In these channels, at the Feejee 
group, there are species of every genus, and they grow in 
the greatest luxuriance, exceeding in profusion and display 
all that was elsewhere seen in the Pacific. Here are found the 

?i., 145, 1816; Amer. Joar. Sci., 2A Sar., li.. 



es 

1 



I 




Growth, and Habits of Coral Zoophytes. 51 

huge Astrtea, domes, the Meandrinas, Poritea, the leafy clus- 
ters of the MeruUnee, numerous Madrepores: — indeed nearly 
all the Pacific corals described in the Report on Zoophytes, 
exclusive of those from the Tahitian and Hawaiian Islands, 
were obtained fi-om the inner reefs of the Feejees." It is 
therefore an assertion wide from the fact, that only smaller 
corals grow in the lagoons and channels, though true of 
lagoons and channels of small size, or of such parts of the 
larger channels as immediately adjoin the mouths of fresh- 
water streams. 

There are undoubtedly species especially fitted for the open 
ocean ; but as peculiar conveniences are required for the col- 
lection of zoophytes outside of the line ofbreakers, wehavenot 
the facts necessary for an exact list of such species. From the 
very abundant masses of AatrEeaa, Meandrinas, Porites, and 
Madreporas thrown up by the waves on the exposed reefs, 
it was evident that these genera were well represented in 
the outer seas. In the Paumotus, the single individuals of 
Porites lying upon the shores were at times six or eight feet 
in diameter. Around the Duke of York's Island the bottom 
was observed to be covered with small branching and tblia- 
ceous Madrepores (Manc^ors), as delicate as any of the spe- 
cies in more protected waters. 

Species of the same genera grow in the face of the break- 
ers, and some are identical with those that occur also in 
deeper waters. Numerous Astrasas, Meandrinas, and Ma- 
dreporas grow at the outer edge of the reefs, where the 
waves come tumbling in with their full force. There are 
also many Milleporas, and some Porites and Pocilloporas in 
the same places. But the weaker Manoporas, excepting in- 
crusting species, are found in stiller waters, either deep or 
shallow. The Nullipores, properly calcareous vegetation, 
flourish best along the line of breakers, and form thick accu- 
mulations upon the reef.f 

» The author's observMions on the specwi of corals were not commeEced till 
renching the Peejees, where we were among the inner reefa. Previous to thsit 
tine, this department ia zoology was in the hands of Mr J. P. Couthouj. 

t Poritea and MilloporiB, Bcoording to Mr Darwin, prevail on the flarf-reef 
of Kevliog's Island. Chsmiaai) atatea that the large Aetrsu liie ui^f^Qv \n 
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Again, the same genera occur Jn the shallow waters of th< 
reef inside of the breakers. Astneas, Meaiidrinas, aod Po- 
cilloporas are not nncommon, though requiring pure waters. 
There are also Mndreporaa, some growing even in impure 
waters. One species was the only coral observed in the 
lagoon of Honden Island (Paumotus), all others having dis- 
appeared, owing to its imperfect connection with the sea. 
Upon the reefs inclosing the harbour of Rewa (Viti Lebu), 
whei'e a large river, 300 yards wide, empties, which durin] 
freshets enables vessels at anchor two and a-half miles c^ 
its mouth to dip up fresh water alongside, there is a single 
porous species of Madrepora (Jf. cribripora) gi'owing here 
and there in patches over a surface of dead coral rock 
sand. In similar places about other regions, species of Po— ] 
rites are most common. In many instances, the living Porites 
are seen standing sis inches above low tide, where they werg' 
exposed to sunshine and to rains ; and associated with them 
in such exposed situations, there were usually gi-eat namberEi- 
of Alcyonia and Xenise. Poritcs also occur in the impurd 
waters adjoining the shores ; and the massive species in 
such places, commonly spread out into flat disks, the top 
dying from the deposition of sediment upon it. 

The exposure of sis inches above low tide, where the tide, 
is six feet, as in the Feejees, is of much shorter duration 
lihan in the Paumotus, where the tide is less than half this 
amount ; and consequently the height of growing coral, as 
compared with low-tide level, varies with the height of the 
tides. The powers of endurance in some coral zoophytes 
cannot surprise us, for it is well known that these animals 
aw often very tenacious of life. The hardier species belong 
mostly to the genera Porites and Pocillopora, besides the 
family Alcyonida;. 

The small lagoons, when shut out from the influx of thft 
sea, are often rendered too salt for growing zoophytes, io 
consequence of evaporation, — a condition of the lagoon of 
Enderby's Island. 

Coral zoophytes sometimes suffer injury from being near 

large fleshy Alcyonia, whose crowded, drooping branches 

lying over against them, destroy the polyps, and mar the 

growing mass. But Serpulaa ani certam ft'^e<ive% oS \i«c- 



<ea. ^^ 

offH 

e 
e 

I 

i 

I 

I 



Growth, and Habits of Coral Zoophytes. 53 

iiacles, constituting tlie genua Criseis, fix themselves upon 
the living Astitea, Millepora, and other corals, and finally 
become imbedded by the increase of the zoophyte, without 
producing any defacement of the surface, or affecting its 
growth. Many of the Serpulas grow with the same rapidity 
as the zoophyte, and finally produce a long tube, which pe- 
netratea deep within the coral mass ; and, when alive, they 
expand a large and brilliant circle or spiral of delicate rays, 
making a gorgeous display among the coral polyps. Instinct 
seems to guide these animals iu selecting those corals which 
correspond with themselves in rate of growth ; and there is 
in general a resemblance between the markings of a GrlHeis 
and the character of the radiations of the Astrxa it in- 
habits. 

The effects of sediment on growing zoophytes are strongly 
mai'ked, and may be often perceived when a mingling of 
Ireah water alone produces little influence. We have men- 
tioned that the Porites are reduced to flattened masses by 
the lodgment of sediment. The same takes place with the 
hemispheres of Astriea ; and it is not uncommon that in this 
way large areas at top are deprived of life. The other por- 
tions still live unafl'ected by the injury thus sustained. Even 
the Fungiffi, which are broad simple species, are occasionally 
destroyed over a part of the disk through the same cause, 
and yet the rest remains alive. Wherever streams or cur- 
rents are moving or transporting sediment, there no corals 
grow; and for the same reason we find no living zoophytes 
upon sandy or muddy shores. 

The influence of temperature on the development of animal 
life, and the distribution of species, is well known. But in 
no department is it more strikingly displayed than in that of 
zoophytes. In a former report wo have considered the gene- 
ral influence of temperature on the several divisions of this 
order of animals. The remarks which follow are conse- 
quently confined to the reef-forming species. We reserve 
for still another page the influence of this cause on the dis- 
tribution of reefs, since we are occupied here with zoophytes 
as animal species, and not with reefs, — a result from the 
growth of corals. 

The temperature of the ocean in wVic'h T«e?-toT^% ^o^n 
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is evidently the temperature congenial to tbem. From a-1 
general survey of facta, it appears that these species are not 
met vpith where the winter temperature remains much time 
below 66° Fahr., though a temporary reduction to 64°, or 
perhaps lower (as the Bermudas), may sometimes occur. 
Wliere the temperature is above this, even in the hottest 
parts of the torrid zone, coral zoophytes thrive well. An 
isothermal line, crossing the ocean where this winter tem- 
perature of the sea is experienced, one north of the equator, 
and another south, bending in its course by divergence or 
convergence, wherever the marine currents change its posi- 
tion, will include all the growing reefs of the world ; and the 
area of waters may be properly called the coral-reef seat. 
This limiting temperature is found near latitude 28°. Undef 
the equator in the Pacific, the waters where warmest have 
the temperature 85° Fahr., and in the Atlantic 83° Fahr. ; 
66° to 85" is therefore not too great a range of temperature 
for the various reef-forming corals. Particular species, how- 
ever, have similar limits ; but these limits have not yet been 
accurately ascertained.' 

The Porites and Pocilloporte predominate at Oahu (Sanil* 
wich Islands), and there are but few of the Astweidie, — a 
fact which appears to be explained on the ground that the 
reefs of that island are not far from the cold limits of the 
coral seas ; and it is interesting to observe that these same 
corals are the hardiest under exposure to impure waters. 
The warmest parts of the ocean are favourable to the growUi 
of Asti-^eas, Meandrinas, and the allied species; and at the 
same time, these regions abound in Porites and Pocilloporas, 
although the proportion of these corals is smaller than at 
Oahu. 

The genera of rcef-forraing corals which occur out of the 
coral-reef seas, belong almost exclusively to the Caryophyllia 
family, and especially to the genera Dendrophyllia, Caryo- 

* The first application of tho well-eatablislieii principle thai tomperatur 
influSDCSB tile growth and diatriliutioo orcoralsia cinimed by Mr J. P. Couthony 
aqnally with myself. Any attempt, howeTer, to determine a limiting temp 
rature he decIaimB, and in this particular, as well as the <»)[iclusionB nrrlvf 
at, our views are very difforent. The facts and inferences stated in tliis plao 
foiloiri(i|; pagn, are dcdaced throughout from my own study and 
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pbyllia, Astroides,* Oculina, and Cyatliioa, some speciea of 
which exist in the Norwegian seas. The Gorgon i dse, Alcy on id se, 
Hydroidea, and Actinidie, extend from the equator nearly to 
the frigid zone. The Bryozoa have an equally wide range. t 

The liability of the lagoons, when contracted in size, to 
become liighly heated by the sun, is probably one cause lead- 
ing to the depopulation of theae internal waters. The tem- 
perature becomes raised, as in a puddle of standing water 
elsewhere, and is quite nnfitted, therefore, for species accus- 
tomed only to the ordinary tropical temperature of the ocean. 

Li(jht and pressure, and probably the amount of air in sea- 
water, influence the growth of corals so far as to fix limits to 
their distribution in depih. It is a little remarkable that 
those families which have a wide geographical range have 
also a great range in depth ; for CarophylliEct, DendrophylliBB, 
Oculinas, Gorgonidse, and. Hydroidea, are found even at depths 
of one OP two hundred fathoms ; while Madrepores and Aa- 
trseas, and all the ordinary reef-forming species scarcely 
exceed a depth of twenty fathoms. 

Temperature has little or no influence in determining this 
range, although it has been so asserted ; 66° is not met with 
under the equator short of 75 or 100 fathoms. The follow- 
ing table gives approximate results for the winter months 
from observations on this point by different navigators in the 
Pacific. It is well known that these averages are varied 
much in particular regions by currents. 



Latitude. 




Depth of 60° Fahtenbeit. 


N. Latitude 28° 


3tf 


0-26 fathonu. 


25" 




25-30 „ 


20° 




30-50 „ 


15° 




40-60 „ 


W 




50-75 „ 


6- 




75 



* Tbe GorulB of die Aatruldes cIubgI; resemble those of the Astrcca, and bara 
been cererrcd to the lattEr group by maoy autbars. A mlated Bpccios is found 
OQ tbe coast of this oountry ns bigh up as latitude 4S°. An Astrsa bas benn 
rpportpd from 3ydnpj, New South Wales, which, if a true Astrffia V\t baa not 
been described or figured J, gives this genus a wider limit than the coral-reer 

t See farther, Report on Zoophytes, p. lOIJ. 
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Equator 0" 
S. Latitude 5" 



Depth of 60° Fahrenheit. 

75-100 fatliomB. 
60-75 



28-30° Surface. 

It appears, therefore, that among the causes limiting the 
range of corals in depth, light and hydraulic presBure must 
have great influence. The proportion of atmospheric air 
present may be another cause. Yet, according to Darondeau, 
the deeper waters contain more atmospheric air, and also 
more carbonic acid, — the difference being as much as iJBth 
the volume of the water.* 

Quoy and Gaymard were the first authors who ascertained 
that reef-forming corals were confined to small depths, con- 
trary to the account of Forster and the early navigators. The 
mistake of previous voyagers was a natural one, for coraj 
reefs were proved to stand in an unfathomable ocean ; yet it 
was from the first a mere opinion, as the fact of corals grow- 
ing at such depths had never been ascertained. It is now 
considered altogether probable that the bottom of the ocean 
in its deeper parts is mostly without life of any kind. The 
few Caryophyllife, and other species which axe met with in 
deep waters, have been shewn to be sparsely scattered, 
mostly of small size, and nowhere form accumulations or beds. 

The above-mentioned authors, who explored the Pacific in 
the Uranie, under D'Urville,^ concluded from their observa- 
tions, that five or six fathoms (30 or 36 feet) limited tiieir 
downward distribution. Ehrenberg, by his observations oa 
the reefs of the Eed Sea, confimied the observations of 
Quoy and Gaymard ; he concluded that living corals do not 
occur beyond six fathoms. Mr Stutchbury, after a visit to 
some of the Paumotus Tahiti, remarks, that the living clumps 
do not rise from a greater depth than 16 or 17 fathoms.J 
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Mr Darwin, who traversed the Pacific with Captain Fitzroy, 
R.N., gives 20 fathoms as not too great a range, and men- 
tions reported instances of growing reefs in 25 or even 30 
fathoms. He states that in the Red Sea, according to Captain 
Morebead, living corals occur at 25 fathoms. At Keeling 
Atoll growing corals are described by him as wholly disap- 
pearing beyond 20 fathoms ; and at the Maldives and Chagos 
at a less depth. Other facta brought forward by Mr Darwin 
relate to Caryopliylliai, and those species which have a wide 
range beyond reef-forming zoophytes. 

It thus appears that all recent investigators since Quoy 
and Gayniard have agreed in assigning a comparatively 
small depth to growing corals. The observations on this 
point, made during the cruise of the expedition, tend to 
confirm this opinion. The conclusion is borne out by the 
fact, that soundings in the course of the various and exten- 
sive surveys afford no evidence of growing coral beyond 20 
fathoms. Where the depth was 15 fathoms, coral sand and 
fragments were almost uniformly reported. Among the 
Feejee Islands the extent of coral reef grounds surveyed 
was many hundreds of square miles, besides the more careful 
examination of harboui's. The reefs of the Navigator Islands 
were also sounded out, with others at the Society group, 
besides numerous coral islands ; and through all these i-e- 
gions no evidence was obtained of corals living at a gi-eater 
depth than 15 or 20 fathoms. Within the reefs west of Viti 
Lebu, and Vanua Lebu, the anchor of the Peacock was 
dropped sixty times in water from 12 to 24 fathoms deep, 
and in no case struck among growing corals; it usually 
sunk into a muddy or sandy bottom. Patches of reef were 
encountered at times, but they were at a less depth than 12 
fathoms. By means of a drag, occasionally dropped in the 
same channels, some flesliy Alcyonia, and a few Hydroidea 
were brought up, but no reef-forming species. 

Outside of the reef of Upolu corals were seen by the writer 
growing in 12 fathoms. Lieutenant Emmons brought up 
with a boat anchor a large Dendrophyllia from a depth of 
14J fathoms at the Feejees; and this species was after^ 
wards found near the surface. Dendi-ophyllia, it may be 
remembered, js one of tJie deep water genera. 
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These facts, it may be said, are onlj negative, as the I 
Bonnding lead, especially in the manner it is thrown in sur- 
veys, would fail of giring decisive results. The charat-ter of 
a growing coral bed is so srtrongly marked in its uneven 
surface, its deep holes and many entangling stems, to the 
vexation of the surveyor, that in general the danger of 1 
mistake is small. But allowing uncertainty as great as sap- ( 
posed, there can be little doubt after so numerous observations 
over so extended regions of reefs. 

The depth of the water in harbours and about shores where 
there is no coral confirms the view here presented. At 
Upolu tlie depth of the harbours varies generally from 12 to 
20 fathoms. On the south side of this island Lieutenant 
Perry, off Falealili, one hundred yards from the rocky shores, 
found bare rocks in 18 and 19 fathoms, with no evidence | 
of coral. There is no cause here which will explain the 
absence of coral, except the depth of water; for corals and 
coral reefs abound on most other parts of Upolu. Below 
Falelatai, off the same island, an equal depth was found, with 
no coral. Off the east cape of Falifa harbour, on the north 
side of Upolu, Lieutenant Emmons found no coral, although 
the depth was but 18 fathoms. About the outer capes of 1 
Fungasar harbour, Tutuila, there was no coral, with a depth t 
of 15 to 20 fathoms ; and a line of soundings across from i 
cape to cape, afforded a bottom of sand and shells, in 15 i 
to 21i fathoms. About the capes of Oafonu harbour, on j 
the same island, there was no coral, with a depth of 15 
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Similar results were obtained about all the islands sur- 
veyed, as the charts satisfactorily shew. There is hence I 
little room to doubt that 20 fathoms may be received as near 1 
the I'ange in depth for reef corals ; and probably the limit 
lies between 15 and 20 fathoms, or not far from 100 feet. 

It may he here remarked, that soundings with reference 
to this subject are liable to be incorrectly reported by persona I 
who have not particularly studied living zoophytes. It is of 
the utmost importance, in order that an. observation supposed 
to prove the occurrence of living coral should he of any 
value, that it be unequivocally determined whether the fi-ag- 
menta, which a lead may bring u\i, are 3.\\\& ot TYitwhen 



broken off; for a dead fragment proves nothing. Even a 
strong impression upon the lead, shewing the form and cha- 
racter of the surface cells of a coral ia not wholly satisfactory, 
as it may have been given by a mass not living. A living 
fragment, placed in water, will be seen to have a fleshy 
Borface, even if the polyps do not expand. The best obser- 
vations, with reference to this subject, would be made with 
a diving bell. 

Much yet remains for further investigation, Mr Edward 
Forbes, in hia Zoological Explorations of the ^gean, dis- 
tinguished three separate regions of invertebrate species 
within 20 fathoms of the surface: the_^rsC, or littoral, extend- 
ing to 2 fathoms in depth ; the second from 2 to 10 fathoms ; 
the lAird from 10 to 20 fathoms.* Similar subdivisions, or 
others on the same general principle, may yet be detected in 
the Pacific, indicated perhaps by zoophytes as well as mol- 
luscs. There is no evidence, however, that there are succea- 
sive beds, composed of a distinct set of species, as has been 
sometimes suggested. The upraised reefs of Metia afford 
no proofs of such a mode of formation ; on the contrary, they 
shew that the process ia continuous and uniform in cliaracter 
through the reef-growing depths. The species in the lower 
part of the 16 fathoms are probably different from many of 
those ahove ; but they pertain to the same genera in most 
instances, and moreover there are no abrupt transitions, 
consequently the resulting reefs should have a neai'ly uniform 
character, as here stated. This fact may be better appre- 
ciated after perusing the following chapter. 

The NuUipore zone along the reef-line, between low and 
high tide, is clearly made out by Mr Darwin, and is one of 
the interesting results of bis investigations. It performs a 
very important part, by the protection it gives the reef from 
abrasion. The exposed reef is thus gathering lime from the 
waters, and extending itself; when, if devoid of this protec- 
tion, it would be constantly yielding to the sea. On the inner 
reefs, where the protection is not needed, it is not given. 



* On the jfigesn Inve 
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Some species of Nullipore, however, occur in these re^ooB,.! 
imd otlier3 are found at various depths. 1 

As the Caryophyliia family extend into deeper waters than I 
most other reef corals, it might be inferred that these at 1 
least may constitute a lower bed, or substratum. But tiiia I 
is by no means the case. As just stated, one species (tha J 
Dendrophyllift nigreacens) was found at Hi fathoms, and j 
also of identical characters at low tide level. The Caryo- I 
phyllite are but sparingly disti-ibuted ; the species are few, 1 
and mostly small, and not a dozen different kinds were de- I 
tected in the Pacific. Their eontributions to reefs are there- 1 
fore inconsiderable. 

4. Rate of Growth of Zoophytes. 1 

The rate of growth of zoophytes is a subject but little on- I 
derstood. We do not refer here to the progress of a reef in J 
formation, which is another question complicated by many I 
co-opei'ating causes ; but simply to the rapidity with which I 
particular species of coral zoophytes increase in size. There 
is no doubt that the rate is different for different species. It 
is moreover probable that it corresponds with the rate of 
growth of other allied polyps that do not secrete lime. The 
rate of growth of Actiniae might give us an approximation 
to the rate of growth in a Muasa, which are coral animals 
of like size and general characters ; for the additional 
function of secreting lime would not retard necessarily the 
maturing of the polyp; and from the rate of growth of the 
same animals in the young state we might perhaps draw 
some inferences as to the rate in polyps of corresponding 
size. But no observations on this point were made by ua 
while abroad. 

Although the rapidity is undoubtedly far less than was 
formerly reported, the following facta from different sources, 
seem to shew that the rate is still greater than has been of 
late believed. Mr Darwin, citing from a manuscript by Dr 
Allen of Forres, some esperimenta made on the east coast of 
Madagascar, states, that in December 1830 twenty corals 
were placed by this gentleman apart on a sandbank, in three 
feet water (low tide), and in the July following each 
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nearly reached the surface, and was quite immovable, and 
some had grown ovei- the others. Mr Stutehbury describes 
a specimen, consisting of a species of oyster, whose age could 
not be over two years, encrusted by an Agaricia, weighing two 
pounds nine ounces,* It is stated by M. Duchassaing, in a 
letter from Guadeloupe, that in two months some large indi- 
viduals of the Madrepora prolifera, which he broke away, were 
restored to their original size-t 

Since the return of the expedition I have received a letter 
containing some facts on the growth of Actinife from Sir J. 
G. Dalyell, whose able observations in this department of 
science are highly curious and important. After speaking 
of the various conditions and sizes of the young at birth, and 
of the difference in the rapidity of growth depending on the 
amount of nutriment at hand, he says, speaking of a Scottish 
species of Actinia, " The dimensions will generally double in 
a fortnight from its birth. The diameter of the base being 
originally about an eighth of an inch, or hardly as much, 
will be five-eighths in six months; and the tentacles will 
occupy a circle of an inch and a-half in diameter. In 
twelve or thirteen months the diameter of the base will 
reach an inch, and the expansion of the tentacles two inches 
between the tips. An Actinia, whose tcntacula expanded 
a quarter of an inch three weeks after it was produced, 
enlarged so much in five months that they expanded an 
inch, and the body was then half an inch thick." If we 
reason upon these data, and assume that the Madrepore 
polyps may increase lineally in six months as much as the 
young Actinia, we shall have an elongation of five-eighths, 
or three-fourths of an inch in six months. Taking the still 
more rapid rate of doubling in a fortnight, which might be 
more correct, since the Madrepore polyps are about the size 
of the Actinia in its earliest state, we should have a lengthen- 
ing of ,a fourth of an inch in a month, and three inches a 
year. The data upon which this conclusion is based, though 
important, are uncertain, but would probably give too high 

* West of England Journal, vol. i., p. 50. 
t L'lBBtitat, No, 639, April 1, 1846, p. Ul, 
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rather than too low an estimate. And yet it is far below 
the rate apparently established by the experiments 
corals cited in the preceding paragraph. We must admi 
that the subject requires more accurate inveattgation. 

The stay of the expedition near any particular reef in the 
Pacific was too short for any examinations by ua. They 
might easily be made by those residing in coral seas, either 
in the manner adopted by Mr Allan, or more definitely 
by placing marks upon particular species. By inserting 
slender glass pins a certain distance from the summit of a 
Madrepore, its growth might be accurately measured from 
month to month. Two such pins in th«i surface of an As- 
traea would in the same manner, by the enlarging distance - 
between, shew the i-ate of increase in the circumference of 
the hemisphere; or, if four were placed so as to enclose aa, 
area, and the number of polyps counted, the numerical in- 
crease of polyps resulting from budding, might be ascertained. 
It is to be hoped that some of the foreign residents at the 
Sandwich, Society, Samoan, or Feejee Islands, will take thi 
subject in hand. There are also many pai-ts of the West Indiea 
where these investigations might be conveniently made, 
(fo be conlir^ued.) 

On Ihe Colour of the Bocks in the Lake District of the North 
of England. By John Davy, M.D., F.R.S., &c. Com- 
municated by the Author, 

The careful observer in passing through the lake district 
of Westmoreland and the adjoining counties, can hardly fail 
of being struck by the prevailing dark hues of the rocks, often 
in so great a degree as to be almost black, and of having his 
curiosity excited as to the cause. 

If he break a portion, be will commonly find the very dark 
hue to be superficial, or at least almost invariably of greatet 
intensity at the surface than in the interior ; and he will pro- 
bably arrive at the conclusion, that this darker hue is a stain 
or discolouration imparted by adhering adventitious matter. 
This conclusion I believe to be the correct one. I shall 
mention some circumstances which appear to confirm it. 
Finif, Of the rocks of the district. These, for the most part. 
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are varieties of clay-slate, more or leas modified by metamor- 
phic agencies. Their colour, as exhibited by a fresh fracture, 
is grey of different shades, owing chiefly to the presence of a 
minute portion of carbonaceous matter. Accordingly, when 
exposed to the action of an open fire, the grey hue is deatroyed- 
Its colour is changed to shades, commonly light, of red or 
yellow, from the combustion of the carbonaceous matter, and 
the conversion of some protoxide of iron, — an oxide seldom 
entirely absent from the composition of these rocks, — into 
peroxide. And the effect of weathering — of long exposure to 
the atmosphere, — is similar, where the circumstances are such 
as to permit of its being witnessed without interference of 
adventitious causes,~as in the instance of rocks subjected 
to the action of torrents when the streams they skirt are 
flooded, and that so frequently as to prevent the growth of 
the lower order of plants on their surface. 

Secondli/, Of the nature of the discolouring matter. When 
abraded and placed under the microscope, it is found to be 
composed in most instances of granular matter like that of 
soot, and of fibres and cells like those afforded by the lower 
order of vegetables, such as the mucors, lichens, and mosses 
in a state of change, analogous probably to that by which 
peat is formed from the same class of plants. Further, 
ignited in the open air, the colouring matter burns, and is 
consumed, leaving only a very little ash. 

Considering the composition of the rocks of the district, as 
adverted to, and these results, are we not justified in the 
conclusion that the discolouration is adventitious ; and, more- 
over, that it is occasioned partly by a substance resembling 
soot, and partly by vegetable matter of a peaty character. 

The source of the latter matter is easily found, the tendency 
to form peat being always to be observed in this climate 
wherever the local circumstances favour, such as moderate 
moisture, water more or less stagnant, shade, and lowness of 
atnfospheric temperature. The rocks, the surface of which are 
most discoloured,— are of the darkest hues, — are so situated 
as to be under the influence of these circumstances, especially 
the " watery rocks," an expressive term of our great poet — 
rocks over which water oozing from the grouiii. EAiose, w«&- 
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monly peaty and mosay, not being absorbed, flows so slowly 
as barely to keep the surface wet ; and also the rocks on the 
shores of the lakes and mountain tarns, more or less washed 
and kept wet by the waves breaking on them, or by drifting 
spray, and likewise the racks in the beds, or on the sides of 
streams which, from fluctuations of level, are rarely long 
under water, and yet seldom perfectly dry. In these latter 
situations, it may be remarked, the remains of aquatic plants 
and of infusoria are to be detected in the colouring matter, 
as well as soot-like granules. 

The source of the soot-like matter is not ho obvious. In 
a former number of this Journal, that for July 1844, I have 
given an account of " a carbonaceous deposit or film, on the 
Lakes of Westmoreland." That deposit was shewn to be 
of the nature of soot, and was inferred to be derived from 
the adjoining manufacturing districts, wafted here by the 
wind, and falling with mist or gentle rain with a lull of wdnd. 
The observations which I have since made, have been con- 
firmatory of this inference, and tending to prove that anch 
precipitation of soot is an ordinary, rather lljan an uncommon 
or accidenbil occurrence here, and adequate therefore to_the 
effect supposed. One confirmatory instance may auffice, — it 
is that of the discolom-ation of the sheep of the country, espe- 
cially after exposure for weeks or months on the higher fella. 
Seen on their mountain pastures, or when driven into the 
lower meadows in the early spring, their coats are of so dark 
a hue as to resemble closely those of their fellows fed in the 
most smoky precincts of our gi'eat towns ; and, on exan 
tion, the colouring matter staining the fleece, is found to be 
similar to that of the black film of the lakes and tarns ; and 
in brief, essentially soot. 

What I have described, may seem disparaging to the lake 
district, " the staple" of which has been poetically defined 
to be " its beauty." This I can hardly admit ; contrast con- 
duces to pleasing effects ; dark rocks, and bright verdure are 
not incongruous on the mountain fell, no more than are the 
black shores and blue waters of the mountain tarns, or the 
pm'e white of the new born lamb by the side of its dark 
mother. The contrast almost surprises, and surprise com- 
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monly pleases ; moreover, it ought not to pass unobserved, 
that the discolouring effects described, howevei- prevalent, 
are not universal, and that they ai-e often intermixed with 
brighter hues, tints of red, orange, and white, derived from 
the lichens which spread over the rocks of drier surfaces, 
and enhance the variety and beauty of the colouring. 

In another point of view, in relation to the influence of 
atmosphere, it may be a question, whether the salubrity of 
air of this district may not be impaired by the cause adverted 
to. If it be, it is probably in so small a degree, as not to be 
appreciable. The good to the town or crowded district from 
which the fuliginous vapours are removed no doubt prepon- 
derates greatly over any possible evil to the country. Benefit 
may even result to the latter, from the precipitation of the 
matter of these vapours, in their fertilizing effects on the up- 
land pastures. Thus considered may they not be viewed as 
an example of the equalizing, moderating tendencies, which 
belong to the economy of nature, in which, when sufficiently 
scrutinized no real waste of means can he detected, nor loss 
of substance? 



SoTJK meres reapeeling the Source of Light, ^c. By JaMBS 
NAaMVTH, Esq., F.E,.A.S. 

Impressed with the conviction that the progress of 
science has often been most importantly advanced by the 
setting forth of hypotlietical views as to the nature of those 
causes which result in great phenomena, I am, for these 
reasons, induced to hazard and venture forth with some 
views on the subject of the nature of the solar light, more 
especially in reference to the well known but most remark- 
able phenomena occurring in the case of stars of variable 
and transitory brightness, as also in reference to those 
wonderful results of geological research, namely, the un- 
questionable evidence of the existence of an arctic or glacial 
climate in regions where such cannot now naturally exist ; 
thus giving evidence of the existence of a condiiwii oi (?iv\i«SK, 
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for tbe explanation of which we look in vaiu to any at pre- 
sent knovcn cause. 

I miiBt plead the fact of the existence of snch wonderful | 
phenomena aa those alluded to, as my apology for thus at- I 
tempting to come forth with what, although they may appear 
crude, theoretical notions, yet may, as tending to direct in- 
creaaed attention to important phenomena, ao lead in due 
time to the development of truth, and extend the present 
bonndH of our knowledge to those mighty laws which are bo 
myaterioualy indicated by the existence of the phenomena in 
qnestion, and with the evidences of which we are yet s 
rounded. 

A course of observations on the solar spots and on the I 
remarkable features wliich from time to time appear on the 
sun's surface, which I have examined with considerable assi- 
duity for several years, had in the first place led me to ] 
entertain the following conclusion, namely, that whatever be ' 
the nature of solar light, its main source appears to result 
from an action induced on the exterior surface of the solar 
sphere, — a conclusion in which I doubt not all who have at- 
tentively pursued observations on the structure of the sun's 
surface, will agree. 

Impressed with the correctness of this conclusion, I was 
led to consider whether we might not reasonably consider the 
true source of the latent element of light to reside, ttoi in the [ 
solar orb, but in space itself ; and that the grand function | 
and duty of the sun was to act as an agent for the bringing 
forth into vivid existence its due portion of the illuminating 
or InciferouB element, which element I suppose to be diffused 
throughout the boundless regions of space, and which, in 
that case, must be perfectly exhaustless. 

Assuming, therefore, that the sun's light is the result of J 
some peculiar action by which it brings forth into vmltle ' 
existence the element of light, which I conceive to be latent 
in, and diffused throughout, space, we have but to imagine 
the existence of a very pi-obable condition, namely, the un- 
equal diffusion of this light-yielding element, to catch a 
glimpse of a reason why our sun may, in common with his 
solar brotherhood, in some portions of his vast stellar orbit, 
/Lire passed, and may yet have t« paas, thvowgh regions of 
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Bpace in which the light-yielding element may either abound 
or be deficient, and bo cause him to beam forth with increased 
splendour, or fade in brilliancy, just in proportion to the 
richness or poverty of thia supposed light-yielding element as 
may occur in those regions of space through which our sun, 
in common with every stellar orb, has passed, is now passing, 
or is destined to pass, in following up their mighty orbits. 

Once admit that thia light-yielding element resides in 
space, and that it is not equally diffused, we may then catch 
a glimpse of the cause of the variable and transitory bright- 
ness of stars, and more especially of those which have been 
known to beam forth with such extraoi'dinary splendour, and 
have again bo mysteriously faded away ; many instances of 
which abound in historical record. 

Finally, in reference to such a state of change having 
come over our sun, as indicated by the existence of a glacial 
period as is now placed beyond doubt by geological research, 
it appears to me no very wild stretch of analogy to suppose, 
that in such former periods of the earth's history, our sun 
may have passed through portions of his stellar orbit in 
which the light-yielding element was deficient, and in which 
case his brilliancy would have suffered the while, and an 
arctic climate in consequence spread from the poles towards 
the equator, and leave the record of such a condition in gla- 
cial handwriting on the everlasting walls of our mountain 
ravines, of which there is such abundant and unquestionable 
evidence. As before said, it is the existence of such facts as 
we have in stars of transitory brightness, and the above- 
named evidence of an arctic climate existing in what are now 
genial climates, that renders some adequate cause to be 
looked for. I have accoi-dingly hazarded the preceding re- 
marks as suggestive of a cause, in the hope that the subject 
may receive that attention which its deep interest entitles it 
to obtain. 

This view of the source of light, as respects the existence 
of the luciferous element throughout space, accords with the 
Mosaic account of creation, in so far as that light is described 
as having been created in the first instance l/e/ore the Mun 
was called forth. 

\.1 
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Report on Uie InvesUyation of British Marine Zoology 6y 
mtam of the Dredge. Part I. The Infra-littoral Diglribu- 
lion of Marine Tnvertebrata on the Southern, Western, and 
Northern Coasts of Great Britain. By Profesaor Edward ' 
Forbes. 

(Continued from pa^e S9l of Vol. LT. of PhilosophicalJournal.) 

Gregarious and proUJle epeeiea. — Many of our littoral mollusca, 
OS the sliore-Hving species of Littorina, Purpura, Troehua, Cardittm, 
Donax, M\/a, Pfiolas, &c., are truly gregarious, and the individuals of 
each are conRtantiy found assembled together in considerable Duniben. 
This is not so commonly the habit among sub-httoral species ; 
among them, however, there ore some habitually gregarions (aa 
Oatrea edulia, &c., and among radiata, Ophiura roaula, Uraater 
rubena, Comatula europtea, JEckenus sphcera), though with this 
difFerence as compared with the roost littoral gregarious forms, that 
whereas the individuals of the latter are always assembled together, 
the sub- littoral species are gregarious in some zones of depth and under 
certain conditions of sen-bottom, while they are at the same timd 
diffused in small numbers, or even as solitary individuals in sttua- 
tions where the conditions do not seem so favourablo to fecundity. 
Many )ipccies also, not at all gregarious in the true sense of the 
word, having a very wide range in depth, are not equally prolific 
throughout that range, but are developed in much greater numbers 
in one region than in another, or in different parts of the same region, 
according to the conditions of the sea-bed. Climatal differences also 
have a considerable effect in determining the prolific or non-prolific 
character of a species, and this may he observed clearly, even in 
such a limited area as that under review. Hence, when we state 
of many species that they are diffused throughout all the provinces 
of that area, it is not to bo understood tliat they are equally abundant, 
BO far as their individuals are concei^ied, in all. Thus, for example, 
Dentalium entali.^ is distributed throughout the Bi'itish seas ; but 
whilst it is so abundant as to be almost gregarious in the northern 
provinces, it becomes scarce and solitary in the southern. Alany 
esampiea of this may be seen by consulting the analysis of dredging 
papers in the preceding tables, and afterwards conipai-ing them with 
the tables of enumeration of localities of species. 

In the Littoral region, as mentioned already,the species of it(tori»ia, 
TVocAiw, Patella, and Purpura are most abundant, and among 
bivalves, Mytilua edulia, Cardium edule, and Kellia rubra. These 
with many other animals, and with peculiar marine plants, give 
character to the sea-belt between the tide-mark. 
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Marine Zoology. 

In the Laminai'ian region, extending from low water-mark to 15 
fatbonis or thereabouts, LaeuTuE and Rissoee are abundant. 

Between 15 and 25 fathoms in the uppef part of the Coralline zone, 
TroehuB zi^phinas, See., abound in indiriduois on the Englii^h shores. 

Between 25 and 40 fathoms, in the middle and lower sections of 
the Coralline region, the speciea observed most prolific in individuals 
on the English coast were few, comprehending Solen pellucidns, 
Peeten varias, Modiola modiolus, and Dentalvum tarentinuin. 

On the Scottish coast this region is remarkable for proh6c and 
peculiar species. Great numbers of Braohiopoda {Terebratula 
Caput'Serpentis, and Crania norvegica) are found in gravelly and 
Btony places. Dentalium entalis, Nitcula mtcleus, Aatarte sulcata, 
Leda eaudata, and (in places) L. pygmrBa, Mactra ellipttca, and 
Modiola modiolus, are all very proiiSc. 

Between 40 and 60 fathoms, on the verge of the region of deep- 
eea corals, we have too little experience on the EngliKh coast to 
judge. Cardium suecieum, however, essentially a northern form, 
was noted as abundant at a depth of 50 fathoms between Cornwall 
and Ireland. 

In the Scottish seas between these depths, besides most of the 
species noted as prolific in the last region, we find Nueula tenuis, 
Cardium suedcum, Nueula deeussata (locally), and Venvs fasciata 
abundant ; also, Turritella in places. Below that depth, Leda 
oaudata, Si/ndostni/a intermedia, Venus ovata and striatula (var.), 
Ludna epinifera, Dentalivm entalis, TurriteUa, Ditrupa, and 
Echinus norvegious, have been taken in considerable numbers in 
several Scottish localities. Widely diffused species of Turritella, 
Dentalium, Modiola, Nueula, Venus, and Astarte, appear to be 
most prolific throughout the range of their distribution. 

Generic and subgenerio groups confined to particular eones in 
depth, — In the Littoral and Laminarian zones, we find all the 
species of certain woll marked natural groups assembled, but very 
few, if any, of those which are distributed in the regions of corallines 
and of deep-sea corals are peculiar, Che species of moUusks, in the 
lower zones especially, being members of genera which have represen- 
tatives in the Laminarian or in both Littoral and Laminarian zones. 

Jielation of colour to distribution, — Although the extent and 
depth of our seas scarcely afford sufficient data for illostrating the 
influence of light in the colouring of marine animals, yet some facts 
bearing on this subject may bo gathered from the papers before us. 
In the horizontal difiiibion of species, several, as some of the TVocAi 
and Veneridie, exhibit a distinct influence of light upon the bright- 
iiess of their hue& in the south, as compared with the dull aspect of 
specimens from the north, and this in individuals of tho same species. 
It is easy for the practised eonchologist to distinguish specimens of 
most painted shells, gathered on the southern coasts of England, 
from those taken on other parts of our shores. V^eW-ie eVAwvca 
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also of tUo digtiiict effect of depth in Uie derating of the hues of the 
same Bpouioa, when it has a gi-cat bathyineCrical range. Thus, 
the examples of Kcitiw striaUiia, Venita ovata, and TurritelUt 
terebra (all having a i-ange from the Laniinavian zona to the deepest 
recesses of the British seas), taken alive at a depth of 100 fathoms 
off the Zetland IbIgb by Mr MacAndrew, were colourless ; whilst 
those from more moderate and shallow depths are almost always 
conspicuously coloured. Between 60 and 80 fathoms in the Scot-' 
tish seas, dirty white, dull red, yellow or brown, rarely broken into 
stripes or bands, are tho prevailing hues of the testacea ; though at 
50 fathoms, shells painted in patterns and yividly coloured (as Natiea 
Alderi&ad Clavatula purpurea), exhibit their hues unimpaired. At 
the same time it must not be forgotten that the vividly painted ani- 
mal of the coral Cari/ophi/llia thrives at a depth of 80 fathoms. A 
curious phenomenon apparently connected with depth is the blind- 
ness of the crustacean Caloearia. 

Condition of the exuviee of marine invertebrata taken in the dredga. 
— In the great majority of instances and places, tlie dead ehella of 
tnoUusca are taken nearly entire, or, in the case of the bivalves, with 
tile valves disunited but not broken. This applies especially to all 
localities of a considerable depth, and where strong currents are not ia 
action. Very near the shore, broken shells are not uncommon ; and 
in current-ways, even at the depth of 30 fathoms, tho bottom may 
be composed in great part of triturated shells. Lieut. Thomas, 
It.N., observes, when communicating his lists of Testacea dredged 
around the Orkney Islands, that " between Fair Island and the 
Orkneys, the bottom near the latter islands is either rocky or com- 
posed of large pieces of Modlola modiolus or Pectuneulus gb/cvmeria, 
I make no doubt," he remarks "that these are broken by soma 
large species of Crustacea (?) ; their freshness of fracture is astonish- 
ing, as if the creature feeding had been disturbed at his meal," 
Among bivalves, besides those mentioned, the shells of Thraaa, 
CypJ-ina, Isocardta, and the larger species of Cardium, are most 
frei;[uently found broken ; among univalves, those of Buectnum and 
Fusus. Some few bivalves ai-e frequently dredged dead, yet with 
their valves united ; such are Lucina radala, the Nasris, Mactra 
eUiptica, Psammobix, Venus ovata and striatula, Tapes virginea, 
Tellina donacina, Thracia fhaseolina, Lucinopsis, Nueula pygmma. 
Salens, Syndosinyx, and Peclunculits pilosus, this last open and 
gaping. The monomyarious bivalves are often found dead in quan- 
tities, but almost always with valves disunited ; and this may be 
said of the great majority of dimyarious bivalves also, Echinodnma 
fall to picce!i when dead, or if taken entire have lost their spines. 

PhenomeHa of the horisontal dutiibution of species on (Aa 
western shores of Great Britain. — In the older accounts of British 
marine animals, the phrase '' from Devon to Zetland" was fi'equently 
given as marking their range, and the natural inference from sucli 
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statement was tlmt such species were universally dili'used tlirough 
our seas. Tlie researches enibodiod in this Eeport, however, put 
beyond question the fact that thcce are marked peculiarities in the 
distribution of British marine aiiimals, and that though there ace 
numerous species common to the whole area, there are also numeroug 
species peculiar to parts of that area. We have clear evidence of 
more elements than one contributing to the composition of our sub- 
marine population, of a southern element, derived from tho Lusi- 
tanian provinces of the European seas, of a northern element 
introduced from the Scandinavian seas, of a Celtic element having 
its centre within our own region, of an oceanic element manifested 
by the floating Gasteropoda and the Pteropoda that reach our shores, 
and of an arctic element due to causes which wera in action before 
the British Isles had assumed their present conformation." The 
following statements, founded niainlj on the data contained in the 
tables, will serve to illustrate the phenomena, as far as this Report 
is concerned. 

The northern and southern provinces of the WMfem coaH of 
Great Britain may he distinguished by certain MoUwsca of the 
Littoral Zone, enumerated in the Heport. 

The diferenoet bstween the northern and gouthei'n provinces are 
equally sheuin by the sub-littoral testacea, as shewn in the Report, 

Nufnerieal comparisons of the Testaeea and hard Echinoder- 
mata inhabiting the regions explored, with the total number of 
Brilisli species. — In the Repoi't, one of the striking features is the 
small number of testacea and hard ochinoderms inhabiting the 
Briti-sh Seas, which do not live upon the western shores of Great 
Britain ; such as are beyond their limits, are either of excessively 
Bonthern and scarcely British character, as Haliotis tuberculata, 
J^freytia opalina, Rissoa lactea, and Murem corallinus; or oceanic 
forms of Janthina, Uyalxa, and Spirialis ; or species probably of 
arctic origin, extending only to our north-eastern coasts, as Fusus 
norvegicus and Turtoni, Natica. Kingii, Hypothyris psittacea, and 
Gotiiaster eqvesti-is. The number of doubtful or not sutRciently 
investigated forms is also very small. A considerable number of 
genera have no, or few, representative members in the Scottish and 
English columns of western sub-littoral species ; these are either 
extra-lira ital, as Hyaltea, Haliotis, and Hypothyris ; or excessively 
rare in our seas, as Avicula, Styltfer, Cidaris, and Astrophyton ; 
or oceanic, as lanthina and SpiriaUe ; or wholly or mainly littoral, as 
L%ttorina,Otina, Cowivulus, TrvncateUa,JeJreyaia, jSitenea (proper). 
Patella, Pleurobranchws, Teredo, Xylophaga, Petrieola, Vene- 
rupis, Ceratisolen, Turtonia, Galeomma, Mytilus, Asterina. In 
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Odoatomia we Lave & gunus whicb ib iiat lairl; represented, on 
count of the excessively crittoal charactei- of its Bpfciea, Fire genera 
of Gasteropoda, three of Laniellibranchiate acephala, three of 
p[illiobranchiat« acephala, and three of hard EchinodermstB, oil 
havbg members in the Scottiijh portion of the regions explored, are 
without representativea in the EngliNh western and southern pro- 
vinces. On the other hand, seven genera of Gasteropoda and eight 
of Laniellibranchiate acephala having English representatives, are 
altogether wanting on the western and northern coasts of Scotlaod. 
All our brachiopods found within the area explored ore Scottish 
species ; the number of monomyarious Lam el li branch iata is slightly 
in favour of Scotland over England, which, however, shews a consi- 
derable majority of dimyaria. The proportion of Gasteropoda in 
the Scottish seas is, however, so great, that the total number of tes-> 
tocea is in favour of the north. This is to be uttributed partly to 
the greater variety of depths and ground, and partly to the pre- 
sence in the north of isolated coluaiea of arctic forms which swell 
the ranks of the inhabitants of those regions to beyond their natural 
proportions. 



Whirlmindg produced hi/ (he Burning of Cane- Brakes. 

Mr Olmsted read to the American Association, at New 
Ha^en, a paper on whirlwinds produced by the burning of 
cane-brakes in the south. The canes in Alabama often grow 
to the height of 35 or 40 feet. They are cut down, and, 
after drying for about six weeks, fire is applied to them in 
several places. As soon as the canes begin to burn, the air 
that is confined in their cells, and the watery vapour, burst 
them asunder. They generally explode thi-ough several cells 
at once, and thus are split in one continued line. Those ex- 
plosions, in burning a large cane-brnke, produce a continued 
roar, like the discharge of musketry from an immense army. 
On account of the dry, combustible nature of the cane, when 
kindled, the fire advances with great rapidity, giving out 
flames of the deepest red, the intensity and richness of which 
colour are incomparably finer than the flames which arise 
from the combustion of any other kind of wood. Together 
with the flame, there ascends a very dense, black smoke, 
resembling that which arises from burning camphor, or from 
the chimneys of gas-works or factories where bituminous 



a used. This smoke also far surpassed, in its dense, 
deep black colour, any thing ordinarily observed. 

The cane-brake visited by Mr Olmsted covered a space of 
25 acres, and was set on fire at the part most distant from 
him, " Whirlwinds were now observed in the hottest part 
of the fire. They did not unite in one column, but were 
scattered throughout the fire, and several were formed at 
the same time. The first were on a comparatively small 
scale. Their height was from 30 to 40 feet. To these suc- 
ceeded others on a larger scale, until they reached the height 
of more than 200 feet, and the flame and smoke which formed 
their columns were perfectly distinct from the general mass 
which arose from the fire. Tliey appeared rather to increase 
in size and frequency toward the latter part of the ' burn- 
ing,' and many were formed on the ashes after the fire had 
to a great extent gone down. 

" Among the whirlwinds there were several points of dif- 
ference, by which they might be classed under four heads. 
The most common one was that which was stationary over a 
part of the fire which was hotter than tlie neighbouring por- 
tions. A second variety was that which had a progressive 
motion, and advanced over the burnt track, throwing up ashes 
and cinders, and thus making its course through the fire. Some 
of these emerged from the flames. This was probably the 
case with a number, although, having notliing to mark them 
after leaving the fii-e, they became invisible. One, however, 
passed near enough to us to be observed, and attracted our 
attention by its rustling soimd, and by the leaves which it 
carried up. This was about 15 or 20 feet high. At the 
time this passed us we had moved from our first station, 
and were about 300 yards from the fire. These whirl- 
winds differed fvora the others in form, being very wide 
at the top, and contracting to a point at the bottom, like a 
top or a spindle; or, more exactly, they were of the form 
of the upper cone of an hour-glass. An interesting pheno- 
menon which attended some of the whirlwinds might render 
it proper to arrange them under a third class. In these the 
flame was violently whirled at the base ; then above suc- 
ceeded a dark interval, where the flame seemed to \ift e:t- 
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tiiiguished entirely, but towards tlie top it broke oat anew. 
It waa a mixed whirling of flame and smoke, the smoke oc- 
cupying the central portion. The dark interval where the 
smoke waa nnconBiimed was greater or less, as the flame 
ahove approached to, or receded from, that beneath. There 
were a number of this class. The fourth kind were formed 
of immense columns of smoke, 8o narrow and lofty that they 
resembled towers of several hundi-ed feet, or trunks like those J 
of trees in form, extending into the sky. The rotary motion J 
was obvious throughout their entire length. These columns 1 
of smoke were generally straight, but sometimes bent at the 
top by the wind. In connection with the whirlwinds there 
were several other facts uf interest observed during the 
burning of the cane. We noticed the direction of the wind 
was changed. At first it was from the north-eaat, and con- 
tinued in that dii'ection in the upper part of the atmosphere, i 
as waa evident from the way in which the columns of smoke] 
were bent. But shortly after the commencement of the burii'1 
ing the air beneath blew in all directions towards the centre 
of the fire. The columns of smoke were not bent for more 
than a hundred yards ; hence up to that height the wind 
blew in all directions towards the centre of the fire. These J 
whirlwinds revolved on their axes from right to left, and! 
ft^m left to right, without any prevailing tendency to onan 
direction more than to the other. Frequently the same whirl- 
wind would change the direction in which it revolved, and 
would again return to its first course. In a few instances 
this was repeated several times. The chaiTed leaves of cane 
being thin and light, were driven off in considerable quan- 
tities. They were earned up frequently without being 
burned, and were sometimes found at a distance from tliQ J 
place of the fire. But considering the extent of the fire, fewl 
cinders were carried up. The combustion was very com?! 
plete." — American Annual of Scientific Discovery, 1851, p. I 
163. 
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A Chemical ExamhiaHon of Ike Metats and Alloys knormi to 
the Ancients. I. History. H. Analyses of Ancient Alloys, 
A. Coins struck prior to the Christian Era. B. Analyses of 
Ancient Arms and Cutting Instruments. C. Table of Mean 
Composition of the Specimens analysed. D, Deductions. 
By J. Arthur Phillips, Esq., F.C.S.* 

I,- History. 

AiQoug the arts cultivated by mankind in the infancy of 
the world, metallurgy appears to have held a very prominent 
situation ; for we read that Tubal Cain was an instructor of 
every artificer in brass and iron.t and consequently these, 
together with their uses, must have been well known to the 
antediluvians. 

It ia-also probable that they were not the only metals in 
use at this remote period ; for the extraction of iron from ita 
ores, of itself indicates great metallurgical skill and expe- 
rience, aa from the refractory nature of the materials em- 
ployed, a very intense heat and skilful manipulation must 
have been necessary to its production. From these consi- 
derations, we may infer that this metal could not have been 
discovered until the arts had attained a great degree of per- 
fection, and long after the discovery of some others requiring 
less complicated apparatus and a lower temperature for 
their reduction. It would be quite impossible, after the 
lapse of 30 many ages, to trace the exact order in which the 
metals became known ; but it appears natural to suppose 
that those which are found in a, native state, were the first 
to attract the attention and exercise the ingenuity of man- 
kind ; and consequently, that gold, ailver, and copper, were 
among the first with which the ancients became acquainted. J 
This, however, is but conjectural, aa in the first mention of 
silver, Abraham is described as weighing unto Ephron, four 
hundred shekels of silver current money with the merchant, g 

* Tlie «bove is an ftbatracl of a mamoir publijhad in the vuluiiblo Quarterly 
Jaomal of the Chemical Society of London, for October 1861 , 
t Sen. Iv, 23. 

(if meteoric origiii have been occoaionallj met nitli. Tbese, however, occur 
but seldom, and in quantities fnr too email to have enpplicd t,hia m^UX fo'c <Ctm 
oHi of tbe arts. % (Jen, mivv. \%. 
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thus indicating that in those days, it was not only well 
known, but commonly used as a medium of exchange, 
which purpose it was estimated by weight- 
In ihe time of Moses, at least six metals were known, as in 
his direction for the purification of the spoils of the IVlidianites, 
he says, " Only the gold and silver, the brass, the iron, the tin, 
and the lead, every thing that may abide the fire, ye shall miike 
it pass through the fire, and it sliall be clean ;"* thus shew- 
ing that the metallurgical arts had at that period attained 
considerable perfection, and that the metals were of frequent 
occurrence and constant employment. Of the processes 
practised in the early ages of the world, little can at present 
be known ; but it would appear likely, from some passages In 
the sacred writings, as well as from the somewhat confused 
and obscure accounts of profane authors, that they differed 
but little from those which are employed at the present day. 

That silver was at a very early period purified by means 
of lead, the following passages would seem to indicate : " The 
bouse of Israel is to me become dross : all they are brass, 
and tin, and iron, and lead, in the midst of the furnace ; thej 
are even the dross of silver."! And again, " the bellows are 
burned, the lead is consumed by the fire, the founder melteth 
in vain. "J We also read of silver being purified in a fur- 
nace of earth. Strabo quotes Polyhius as speaking of a silver 
ore which after being washed seven times, was melted with 
lead, and became pure silver. 

That tin was not only well knoivn, but also highly vali 
at the time of the Trojan war, we leara fi'om Homer, whi 
calls it jtaomrEjos, and mentions it as forming part of the 
mourof Agamemnon§ and shield of Achilles, || tomakewhicl 
Vulcan is represented as throwing into the crucible bn 
unconquered, xaasingei, and honoured gold and silver. 

Among the ancient Greeks and Romans, the workers 
metal had attained a pitch of excellence, in some instances 
scarcely to be surpassed in the present day ; but although 
many proofs of their skill have come down to us, in the form 
of coins, statues, and implements of war, yet their authors 
afford but scanty information relative to the methods ei 
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ployed in tlieii" production. Tliis may be accounted for by 
the fact, that those who have written on the subject could 
have been hut imperfectly acquainted with it; froni the cir- 
cumstance of the metals being generally found and extracted 
in mountainous countriea, at a great distance from the large 
and populous cities in which the authors may be supposed 
to have usually resided, and who were, therefore, dependent 
for their facts on those who might be unable to enlighten 
them very fully on the subject. 

la it then to be wondered at, that our stock of information 
Bhuuld be very limited, or that the ancient authors should 
treat rather of the uses of the metals, and the formation of 
alloys, than of their extraction from the ores T 

The art of working the alloys of copper was cultivated in 
Rome at a very early period after the foundation of that 
city, as we read that King Nuiiia, the immediate successor 
of Komulus, founded a fraternity of brass-founders, from 
which it may be inferred that the trade was even then in a 
flourishingcondition." 

At the date in which Pliny wrote his Natural History of 
the World, the Komans had acquired a very extensive know- 
ledge of the metals, and their uses; as we find him, in his 
thirty-third and thirty-fourth Books, not only describing gold, 
silver, brass, tin, iron, lead, antimony, mercury, and cadmia ; 
but he gives us also the propoi-tions in which these various 
metals should be mixed in order to form suitable alloys for 
casting, soldering, and brazing, and moreover describes with 
a great degree of accuracy, the medicinal and other proper- 
ties of some of their oxides and salts, as well as the method 
of their preparation and the localities in which they were 
found. But his descriptions of the means used for the ex- 
traction of these metala from their ores, are not only imper- 
fect, but also frequently very obscure. This arises both from 
the abrupt transitions which continually occur, and also from 
frequent allusions to methods and apparatus long since ob- 
solete, and on which at the present time we have no means 
of acquiring any knowledge. 

• Plinj, xisiy., 4. 
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In spe&king of gold, Pliny says :* " In tbese parts of 
world in which we live, gold mines are foiind, to Bay nothing 
of India, where the anta cast it up out of the ground, or that 
which the griffins gather in Scythia. The gold with ua ia 
procured in three ways ; among the sands of some great 
rivers, such as the Tagus in Spain, the Fo in Italy, Hehnie 
in Thrace, Factolua in Asia, and the Indian Ganges, all of 
which yield gold. Neither is there any gold finer or mors 
perfect, from being thoroughly polished hy the rubbing and 
attrition which it meets with in the course of the streams of 
water. There ia also another method of obtaining gold, via^ 
by digging it out of pits which are sunk for that purpose, or 
else in the caverns and breaches which occur by the fall of 
mountains.'" He also goes on to say, that the gold obtained 
by cleaving and opening mountains needs no trying or re- 
fining, as it is naturally fine and pure. In speaking of the 
value of gold, the same author remarks : t — " The reputa- 
tion which it haa acquired, is for the following reason, that 
it alone, of all things, loses nothing in the fire, but with- 
stands its action without change. Indeed, the oftener it has 
been in the fire, the more refined and purer it becomes. 
One method of testing the quality of gold, is by the applica- 
tion of fire, of which it ought to take not only the colour, 
but, to a certain extent, the radiance also. This kind is 
called obrt/zum. This is another astonishing property of 
gold, that a fire made of light straw or chafi' will qoickljF 
melt it ; whilst, if it be thrown on the strongest fire of woodt< 
charcoal, it will with difficulty yield to its intensity and 
melt. With respect to its purification, it should be melted 
with lead. The second property which causes gold to be so 
highly valued is, that it loses but little of its weight by uM 
and attrition, wliilat silver, lead, and copper, leave metallis 
stains on bodies which they touch, and soil the skin of thoM 
who handle them. Neither is there auy metal which 
beaten out broader by the hammer, or divided more easily 
into parcels, as every ounce of it may be reduced into more 
than seven hundred and fifty leaves, each one of which bmng 
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four fingers square. The other minerals, after their extrac- 
tion, require the fire for tlieii" conversion into metal, but 
gold of which we now treat, is gold as soon as it is found." 
Again, " Neither rust nor canker alters the weight of gold, 
or affects in any way its quality. Salt and vinegar, though 
each active solvents, do not make the least impression on it." 
The above quotations go to shew, that many of the pro- 
perties of gold were known at this period, and also that the 
methods of extracting it from the earth were similar to those 
employed at the present day. Pliny, however, gives us bnt 
little information relative to its metallurgic treatment, ex- 
cept that lead was employed in its purification, and also that 
when found in lumps it was of itself pure, and required no 
artificial refining. He also states, when speaking of the pro- 
perties of mercury,* " So penetrating is this liquor, that there 
is no vessel but it will eat and pass through. It supports every- 
thing which may be thrown into it, unless it be gold only, 
which sinks to the bottom. It is besides, very useful for the 
purpose of refining gold ; to effect which object, that metal 
mixed with cinders is placed in an earthen pot, and shaken 
with mercury, which rejects all the impurities mixed with it, 
bat in return takes hold of the gold itself. To expel it from 
the gold, the mixture is poured on skins, which on being 
pressed, allow the mercury to pass through them in drops, 
whilst the gold remains in all its purity." The above pro- 
cess differs little from those in general use, for the purposes 
of amalgamation, at the present day, but in this case also, 
Pliny's description is very imperfect, inasmuch as the solid 
amalgam remaining on the skins would require the separa- 
tion of the combined mercury before the gold could exist in 
the pure and fine state described. No mention is moreover 
made of any means of separating gold from silver, op in 
fact of their ever being found associated, except in an alloy 
called electrum,\ said to be found in veins, and of which 
an artificial kind was made by mixing one part of silver 
and four parts of gold, and which appears to have been 
aaciently in great request, as Homer describes the palace 
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of king MenelauB aa glittering with gold, electrum, silvt 
and ivory. This alloy, though sometimea made by the direct 
mixture of the two metals, was, doubtlesa, in most instances, 
a natural production, as many gold ores also contain a cei"- 
tain portion of silver, and the ancients being apparenUjr 
ignorant of the method of separating them, and without aay I 
knowledge of the stronger acids,* might have been in the ' 
habit of occasionally adding a certain quantity of silver to 
specimens of gold which already contained a proportion of 
that metal, thereby converting it into eleetrum, in preference 
to allowing it to remain as impure gold. 

That silver was formerly, as at the present day, chiefly 
extracted from the ores of lead, we are distinctly informed 
by the author of the "Historia Naturalis," who adds, that 
those ores of silver which do not contain lead or an ore of 
lead, cannot be auccessfidly worked without the addition of 
either one or the other. Tin and lead he seems to regard 
as only two varieties of the same metal, as ho describes them 
under the title of white lead, and black, and states that the 
white lead, called in Latin Plumbum candiiinm, and by tli9^ 
Greeks, Cassiteros, was much more valuable, and commanded^! 
a higher price than the black variety. 

His description of the Plumbum candidum, and the statj 
in which it waa found, leaves no doubt that this much-valuet^ 
metal waa tin, it being represented as occurring among sandi ' 
in the dried-up beds of rivei-s, and as only known from the 
other substances with which it waa found aaaociated by its 



* Nitric BCid ia first mentioned liy Getjer, who lived in tlie eighth tenturj. Ho 
describes it under the nanje of "dissolving water," and ]irepBreil icbj dist 
BretorCoiie])oundof6Utjihate of iron of Cyprus, half apoundof taltpeti 
qua.rter of t, poand of alum of lameni. This process, althougb not economical^, 
would certainly produce nitric a«ld, und to this, when obtnined, he added sal? 
ammoniac, in order U> give it the property of dissolving gold. Raymond Lully"; 
who lived in ths early part of tlie thirteenth ceotury, employed the same pro- 
cess, ejccpt that he omitted the alum. Baail Valentine, who was bom about 
the year 1400, deseilbes a method of obtaining " 3piriMof Nitre,'' by distilling 
nitrate of potash with powdered porcelsio or clay, with which the potash en- 
tering into combination, the same result is obtaiocd as by the former method 
Baail Valentine is also the first who describes oil of vitriol, which he prepared 
by distilling sulphate of iron according to the method at present practiaed at 
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dark colour and great weight." " There is likewise found 
in the gold niinea a kind of lead-ore which they call Elutia 
(stream tin). TLe water which is let into the mines washes, 
and carries down with it, certain little black atones, streaked 
and marked with white, and as heavy as the gold itself. It is 
gathered with it, and they remain together in the biisketa in 
Tvhicli the gold is collected. These are not separated from it 
until after melting in the furnace, when the fusion transforms 
them into whit* lead." Again : " You cannot solder toge- 
ther two pieces of black lead without white lead, neither can 
this be united to the other without the aid of oil." He also 
says of this metal : " Neither out of the white lead can any 
silver be extracted; whereas out of the black this is com- 
monly done." 

In speaking of common lead, the same author says : " It 
is much used for conduit pipes, and for being hammered into 
thin plates," and then goes on to describe the mines of France, 
Spain, and Britain, which he states, when quite worked out 
and exhausted, become as productive as ever, and indeed 
even more so, if allowed to remain a short time without being 
worked, for which he accounts, by supposing the metal to be 
produced by the air, which has then free access into the mine. 
With regard to the state in which Plumbum Nigrum occurs, 
we are informed : " Black lead has a double origin ; for it is 
cither produced in a vein of its own without any other metal ; 
or otherwise it is mingled with silver in the same mine, being 
mixed together in one stone of ore, and they are only sepa- 
rated by melting and refining in a fumace.t The first liquor 

■ " It is goneridly conaidcpod that the Creeks obtHinecl their tin bj mfffina of 
the Phftniciant from the Srilly iBlaods or Curnw.ill, but there ia no direct 
proof of this; and it appears probable, from the Sanskrit derivation of the 
Greek word (kasBitems, from kaatir&), tbat the Greeks originally obtained 
their tin from India. The FelnndB Cusiteridee, however, the position of which 
was unknown to Herodotus (III., 116), are supgioaed to be the Scilly Mands, 
or the peninanla of Cornwall, though their position is not eiattly defined by 
Strabo([ir., ITS). Still there can be little doubt that the Cassiterides, to whiub 
the Plicrnlclana from Glides {Cadiz) went fjr tin, and the Romans afterwards 
traded for the same eoromodity, wore on the Eouth-wpBtcrii angle of Great flri- 
tain."— Pen. t'yc. Art. ' Ilindustan.' 

t Hist. Sat. iixir., 10. 
VOL. Lll. NO. cm.— JANUARY 7R52, - ¥ 
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that flows from the furnace is tin (Stannum), aud the Becoii4>l 
silver. That part which remains behind is galena, the thi 
element of the vein, which being again melted, after tw 
parts of it are deducted, yields black lead." 

The above passage is very obscure : tin, lead, and ailvei 
are not frec^iiently found together in the same stone, 
were they thus to occur, the tin cei-tainly would not be t 
first to flow out of the furnace. 

Professor John Phillips, in his excellent paper on " Anrael 
Metallurgy and Mining in Brigantia,"* seems to be < 
opinion that the method here described might have had 
some resemblance to that invented and patented by H. L. 
Pattinson, Esq. This, however, appears less probable when 
we consider that if, in Pattinson's process, the rich lead 
were run off, instead of dipping out the poor In the form of 
crystals, the metal thus obtained being but sparingly mixed— 
with silver, would not have been called stannum, by whiof^ 
term an alloy of tin and lead is frequently expressed. 
therefore, does not seem impossible that the operatiM 
refen-ed to was simply cupellation, in which process th« 1 
'■ abalrichs" and first litharge flowing from the furnace iti * 
much more impure than that subsequently obtajned, and 
therefore, when reduced, would yield a harder lead, not 
unlike pewter or S(annum. The silver thus obtained would 
of course remain on the cupel, whilst the litharge which 
flowed from the furnace after it got into steady action, to- 
gether with that absorbed by the cupel itself, would, on 
being melted with a reducing agent, yield pure, or nearly 
pure lead. I think, therefore, the author intends to convey 
the idea that three parts of litharge and " debris decoupelle" 
yield only one part of lead- 
That cupellation has long been employed for the extrao^l 
tion of silver from lead may be inferred from the works e 
Agricola.t who in his " De Re Metallica," describes and 
gives drawings of the furnaces used in his time for that pur- 
pose, and which exactly correspond in every respect with 
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the old German cupels in use at the present day in many 
parts of the Continent, 

The Greeks and Romans have left no treatises relative to 
chemistry oi- metallurgy; but it is scarcely reasonable to 
suppose, that had the method of reiininj* lead by crystalliza- 
tion been known to them, it should either have been lost or 
fallen into disuse, as its advantages are too obvious not to 
have been evident to the rudest operators. Another argu- 
ment against the opinion of Pliny having referred to this 
method, is the fact that nch lead, and not pure silver as 
described by him, is obtained by the crystallizing pi-oceas, and 
if this method were ever known, it must evidently have 
' fallen into disuse before the time of Agricola, who makes no 
mention of any knowledge on the subject, but gives the old 
' German furnace as that ordinai-ily employed for the extrac- 
I tion of silver, and which, from the circumstance of its having 
remained unchanged in every i-espect since the days of Agri- 
cola, may be inferred to have existed in the same form long 
prior to that time ; and to have been probably not only used 
by the Greeks and Romans, but possibly even at a much 
earlier date. 

Of all the metals employed by the ancients for the manu- 
facture of objects of luxury, as well as for those adapted 
to the every day usages of life, copper and its alloys were 
the most common ; as by far the greater portion of the coins, 
tools, and implements of war, which are occasionally brought 
to light, are composed of some modification of either bronze 
or brass ; and consequently, the making of these alloys, and 
tlieir adaptation to the various wants of mankind, must have 
formed a very important branch of the manufactures among 
the Greeks and Romans. Accordingly, the author of the 
" Natural History of the World," after describing the pro- 
perties of this metal, and stating the localities in which that 
of the best quality was found, gives the composition and pro- 
portions employed in the various alloys then common in 
Rome, and informs ns to what uses they were severally 
applied. He also states that copper was first found in the 
island of Cyprus, from whence two distinct kinds were ex- 
v1 
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ported : " one called Coronariam, which when reduced i 
thin leaves and coloured with the gall of an ox, had a golden 
colour, and waa employed for making coi-onets and tinsel 
ornaments for actore, from which circumstance it derived its 
appellation. Another variety, which was named Jfe^ulatre^M 
is not particularly described, except that, like the former, id 
would stand hammering, and might be thus made to tab6^ 
any required form. The brass (copper) of the next best 
quality came from Campania, where it was the custom to 
add eight parts of lead to every 100 pounds of copper. It is 
also mentioned, that in France it was usual to melt copper 
among red-hot stones, for the purpose of obtaining a steady 
heat, as a quick fire was found to blacken the metal and ren- 
der it brittle- He moreover informs us that tlie process was 
completed in one operation, but states that the quality would 
be improved by more frequent melting : moreover, it may 
not be amiss, to state also, that all kinds of brass melt best 
in the coldest weather. For statues and tables, brass is 
worked in the following manner :— first the ore, or stone, a 
it comes out of tlie mine is melted, and as soon as this hit 
done, they add to it a third part of scrap brass, consisting of J 
broken pieces of vessels that have been used ; for it is timej 
and use alone that bring brass to perfection, it is the rubi 
bing which conquers the natural harshness of the metali^ 
They then mix twelve pounds and a half of tin to every hun- 
dred pounds weight of the aforesaid melted ore. The softest 
alloy is called Formal!, in which are incorporated a tenth of 
black lead, and one-twentieth part of argentine lead; it is 
this mixture wliich best takes the colour called grecanic. 
The last alloy is that which is called Otlaria, or pot brass, 
as it takes its name from the vessels for which it is mostly 
employed, and this is made by tempering every hundred 
pounds weight of brass with three or four pounds weight of 
argentine lead or tin."')' 

The alloys above described, are merely modifications ( 
bell metal or bronze ; but it is not improbable that the a 
cients were acquainted with zinc brass long before 
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period. Ariatotle tells us that the Mosynteci, a people wim 
inhabited a country not far from the Euxine Sea, were said 
to make their copper of a splendid white colour, not by the 
addition of tin, but by mixing and cementing it with an earth 
found in that counti-y.* We are also informed by Strabo, 
that in the neighbourhood of Andera, a city of Phrygia, a 
remarkable kind of atone was met with, which being calcined 
became iron, and on being fluxed with a certain kind of 
earth, yielded drops of a silvery-looking metal, which when 
mined with copper, formed an alloy called Aurichalcum.^ 

Sextua Pompeius Festus, who abridged a work of VeiTius 
FlaccuB, a grammarian of considerable note in the time of 
Augustus, mentions cadmia, which he defines as an earth 
thrown upon copper, in order to convert it into aurichalcum-i 

On this subject Pliny affords ns but little information, 
merely stating where cadmia was found, and naming some 
of its medicinal properties, but he seems to have regarded- it 
rather as an earth which gave a yellow colour to copper, than 
as the ore of a distinct metal, zinc being in no instance men- 
tioned by him, although he speakaof a kind of brass which was 
manufactured in the island of Cyprus from copper and cadmia. 

If the foregoing quotations were not sufficient to shew that 
the ancients were acquainted with the art of making zinc 
brass, the fact has been fully proved by the analyses given in 
a subsequent part of this paper, by consulting which, zinc 
will be found to occur some time previous to the Christian 
era, although at what precise period it would be impossible 
to determine, without multiplying experiments to an unrea- 
sonable extent. That metallic zinc, however, was known to 
the ancients, there is no evidence to prove, since the metal 
mentioned by Strabo as given out in drops from a certain 
stone when heated, could scarcely have been zinc, which 
would, to a great extent, have been volatilized if ti-eated in 
the way described, and we may therefore suppose, that if the 
Btone referred to by him was an ore of zinc, it might also have 
contained some other metal, such as lead, with which it is often 
found associated, and which would produce the appearance 

• ArUt. de Mirab. Op. ii., Til. t 8tcabo, Geo. Ixiii, 

I '' Cadmia Ivrrn qiiie in iidb ronjidtur ut tiat auric halcum." — Ft\. ilt Vn. te<j^. 
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in queBtion. Ambrose, Bishop of Miliin, deBcnbeB the tram 
ronuation of copper into aurichalcum as being effected 
means of a drug,* and not by the addition of another mei 
from which we may infer he was unacquainted with the 
tallic nature of the material employed, although from 
calling it a drug, he was perhaps aware of its medicinal pi 
perties. 

A similar description of the manufacture of brass is givea 
by Primasius, Bi»hop of Andrumetum, in Africa, in the sixth 
century, and by Isidorus, Bishop of Seville, in the seventh. 
Agricola, who wrote in the sixteenth century, was also evi- 
dently ignorant that cadmia contained zinc, of which w» 
have no authentic account until we find it mentioned by 
Paracelsus ; and from which it is evident, that although the 
manufacture of zinc brass is of great antiquity, the extraction 
of the metal itself is comparatively a modem discovery. 

Iron, the last of the six metals known to the ancients, waa 
not, in the earliest times, very extensively employed, as the 
primitive heroes are described as being armed with weapons 
of brass, 

Pisander is represented as attacking Agamemnon with a 
pole-axe, of which Homer says :— 

" An olive's tloudy grain Clie handle njade, 

Distinct with studs, and brazen was tbe blade." t 

Plutarch informs us that when Cimon, the son of Miltiadi 
conveyed the bones of Theseus from the island of Scyros tdi, 
Athens, he found interred with him a bronze sword and 
spear head of the same metal. J 

Although generally used, however, brass was not univi 
sally employed for the manufacture of arms, as the celebral 
robber, Periphetea, slain by Theseus, was named Korunet^' 
(Ko^mnmi) fram using an iron club, and Areithous is described 
by the author of the Iliad as : — | 

" Great Areithoua, known from shoro to shore, 
B}> the hugR knotted iron maee he bore; 

e shook, nor bent the twan^ng bow ; 
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lu the days of Herodotus iron must have already come into 
general nae, as when his interpreter reads to him an inscrip- 
tion on one of tlie Egyptian Pyramids relative to the amount 
of money expended on radishes, onions, and garlic for the 
workmen employed in its consti-uction, he makea the reflec- 
tion, that if this were true, how much more must have been 
paid for iron tools and bread !* 

It would again seem almost incredible that these stupen- 
dous structui'cs could themselves have been erected without the 
aid of steel, both for quan'ving and shaping the stitne, as well 
as for cutting the hieroglyphics so common in the earliest spe- 
cimens of Egyptian architecture. If then, we allow that iron 
tools were employed in building these monuments, we must 
suppose this motal to have been in common use during the 
reign of the shepherd kings who conquered Egypt and occu- 
pied the throtie of the Pharaohs during some part of the inter- 
val which elapsed between the birth of Abraham and the 
captivity of Joseph, t 

In speaking of iron, Pliny says ij " After copper comes 
iron, both the most useful and most futul instrument of 
life. With iron man delves the earth, plants trees, prunes 
his orchard, trims his vine.'i, cutting off the older branches, 
and thereby throwing more vigour into the grapes : by its aid 
man builds houses, cuts stone, and prepares a thousand other 
implements;. but by it war, atrocity, and villany is effected 
and rendered common." He also describes iron as occurring 
in almost every part of the known world, but particularly in 
the Island of Elba, where the colour of tlie earth indicated 
the presence of the ore. 

We are moreover informed that the ores of iron should be 
treated like those of copper, in order to extract the metal, 
and that it was a disputed point in Cappadocia, whether the 
principle of iron was aqueous or earthy in its nature, as the 
water of a certain river of that country when thrown on tiie 
earth, produced iron, precisely similar to that obtained from 
a furnace. He then goes on to say, that there are two dis- 
tinct kinds of forges, as some produce steel (ntideus ferri), 

• Hatod. Euterpe, li„ 12S. t RaMel'B Egypt, 89. \ I'lin-^ , ■kulVu.., \V. 
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wliicii la beat sulapted for cutting-ins tniraents ; whilst others 
shape it into instruments of common use, such as hammera 
and anvils; but that seasoning ia the most important and 
delicaW part of the operation. " It is a remarkable fact tbftt, 
in the treatment of this mineral, the metal in melting is Bit 
first as liquid as the most limpid water, but becomes spongy 
in getting cold." * 

From the extracts already quoted, it will be seen that tha 
information which has come down to us relative to the m&- 
tallnrgy of the early ages, ia both vague and, to some extent, 
uncertain \ as those who describe the materials and methods 
employed, have themselves acquired their infonnation froxtt 
others, and were therefore more subject to commit errorB, 
than if practically acquainted with the subject of which they 
treated. This circumstance has induced me to believe that 
a careful analytical examination of such productions of the 
early metallurgists, as have been discovered in different lo- 
calities, would not be without interest, and I have therefore 
undertaken the following aeries of analyses. 

II. Analyses of Ancient Alloys. 

A. 

Coins struck prior to the Christian Era. 

Commerce in remote antiquity, was carried on by moans of Omm 

luerti extihange of conimoditieB ; and it is remarkable, that througb'S 

<^ut the more ancient books of Scripture, as well as in the poems o 

Homer, no passage occurs from which it can be infernid, that I 

litamped money wiu then in circulation, allbuugh mention is re- ^ 

peatedlj made of purchases being effected through the medjnra of 

tlie metals, which, for that purpose, were estimated by the balance. 

Herodotus (I, 94) speaks of the Lydians as the Brst who coined gold 

and silver into money. The Parian Cljrunicle, however, ascribes . 

the origin of coined money to the ^ginetaJis under Pbidon, King t£ i 

Argos, who reigned 895 years before the Christian era.f 

* Iron in Pliny's tiinE waa duubtleae laada liy the direct, or Cntnlat 
and tho spongy appenrance above deecribed must have arieen, not fVan 
log, as be eeema to sappuse. but from combuation of the combined cu 
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Analyses of Ancient Alloys- 

in hia " Various History," oorroboi-ates this Btatement, and tLe 
moat competent numismatic authorities agree in considering the 
coins of ^giua as the must ancient specimens of stamped money 
which have come down to ug. These are of silver, and bear on the 
tipper side the figure of a turtle, and on the reverse an indented 
mark, as if the metal at the time of striking had been hold on a 
poncheon, which, from the force of the blow, appears to have left a 
deep impression. 

The coins of Lydia would seem to come next in point of anti- 
quity, and after tliem, the early Darics of the Persian kings, which 
occar in both silver and gold. Pinkerton observes — " The first 
Grecian copper coins with which we are acquainted, were those of 
Gelo, King of Syracuse, about 490 years before the birth of Christ. 
These were called Ckatd, or pieces of brass ; others of a smaller 
size ware denominated Lepla, or Kerma, from being change for the 
poor." He is also of opinion, that the Greeks had no gold coinage 
before the time of Philip of Macedon, and that Athens had no gold 
money before the Peloponnesian war," 

The first Boman coinage was of brass, and is said to have taken 
place under Servius TulUus, about five centuries before the Christian 
era, and seems to have been confined to the aa or as, which on one 
ride bore the two-faced head of Janus, and on the other the prow of 
a ship, a symbol always attending Janus, because he arrived in 
Italy by sea. 

Varro,-|- however, informs us, that the first Roman coins bore the 
stamp of a bull, ram, or some other cattle, and it is therefore pro- 
bable that the As with the head of Janus, was not the very first de- 
rign issued from the Roman mint. 

However this may be, soon after the 6rst coinage of brass, the 
parts of the As of a value proportionate to their weight were also 
produced.^ The Semis, or half As, marked S., had commonly the 
head of Jupiter laureated ; the Triens, or third, marked 0000, as 
being originally four ounces, had the head of Minerva ; the Qua- 
drittu, or quarter, 000, the head of Hercules, wrapt in a hon's skin ; 
the Sextans, or sixth, 00, that of Mercury with a cap and wings ; 
and finally the Unica, marked 0, had the hoad of Rome. 

All the above coins were cast, as were also those of the Etruscans 
from whom the Romans learnt the art of moulding their money ; and 
that several were usually obtained at each melting is evident from 
the fact that three or four havo occasionally been found joined by 
runners of tlic metal of which they are made. Most of the specimens 
also retain the marks produced, by cutting off these threads, as like- 
wise the lines indicating the division of the two parts of which the 
mould was composed. 

by tnt«rnftl eTirt^nr^ that this chranivle wati engmvei) 2G4 jcnra liofore the 
tirth nt tlhridt, iiioat likely for Athens. 

• Pinkortnu on Mcdale, I, 77. 
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Weight, 4150 grains. Specific gravity, 8-89. Obverse: 
head ol' Janus. Keverse: A ship. 

The metal of which it was composed, presented an iroo-gre; 
pearance when broken, bat if cut, the pendiarhue of copper was im- 
mediately perceived. Large oavitiea were also observed in the sub- 
stanc* of the alloy, occasioned by bubbles of air, which being shut 
up in the mould, had caused nomeroaa boles in the casting. For at 
lysis vide Table. 

Scmit. Same date ai the foregm>t>j. 

This coin bears on one side the head of Jupiter laureated, and 
the other the letter S. Its weight, although not quite perfect, was 
1997 grains. Specific gravity, 8'64. For analysis vide Table. 
QuO'Jrdiu. 

This is supposed to be of the same date as the preceding, being of 
similar rude worbuanship and brittle metal. The specimen examined 
bore on one side the head of Hercules, and on the other 
which the marks 000 were canspicuooa. Its weight was 970 grains ], 
its specific gravity, 8'58. For analysis mde Tabb 

Uiero I. B.C. 478. 

Miero I. succeeded his brother Gelo as King of Syracoae, 471 
years before our era, and reigned eleven years. 

The coin examined was of a yellow colour, and the metal bri)^ 
and close in its grain, being extremely hard and difljcalt to calil 
Specific gravity, 8'72. For analysis vi>.U Table. 

Alexajider the Great. About B.C. 335. 
This coin weighed 108 grains, and the metal of which it wasD 
pOHcd had a specific gravity of 8*69. For analysis field Table. 
Philipfmx in. 
Natural son of Philip II. and half brother of Alexander, whoq^ 
he succeeded as King of Macedonia, in the year 323 before o 
The coin examined weighed 83'3 grains, and bore on one side i 
bead, and on the other a man on horseback. This metal resembled 
that of which the coin of Alexander was composed, and had aspeci&c 
gra»ity = 8-71. For analysis vide Table. 

PhUippus r. B.C. 200. 
Weight aboDt 164 grains. Specific gravity = 8'59. For i 
lyni v^e Table. 
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Copper Coin of Athens. 

Weight =89-5 gra. Specific gravity ^8'61. Obverse: Head 

of Minerva. Keverse : A naked figure, represented in the act of 

hurling a thunderbolt. Metal very hard. For analysis vide Table. 

Egyptian. Ptolemy IX. About b.c, 70. 

Aulotea (The Flute- player). 

This coin was made of a very brittle metal, and weighed 337 grs. 

On one side it bore the impression of a bearded head, and on the 

other an eagle holding a thunderbolt. Specific gravity — B'fil. For 

analysis vide Table. 

Pompei/. First Brass. B.C. 53, 
Weight, 309 grs. Specific gravity. 8-70. Obverse: Head of 
JanuB. Reverse : Prow of a ship. 

This coin was evidently cast, and the metal is vei7 hard and 
brittle, resembling in this respect the alloy employed in the original 
as, before its reduction in weight. For analysis vide Table. 
Coin of the Atilia Family. B.C. 46. 
This coin bears, on one side, the head of Janus ; and on the other 
the prow of a ship, with the word Roma beneatEi it. The metal is 
extremely hard and brittle, but has been struck with a die. Weight 
=466 grs. Speoifle gravity = 9'02. For analysis vide Table. 
Julius and Augustus, About B.C. 42. 
Weight, 342 grs. Specific gravity, 8-64. For analysis vide 
Table. 

Augustus and Agrippa. B.C. 30. 
Conquest of Egypt. 
Weight, 238 grs. Speoifio gravity =8-66. 
This coin bears two heads on one side ; and on the other a croco- 
dile, with Col; Nem. Metal very hard and brittle. For analysis 
wde Table. 

Large Brass of the Cassia Family. About B.C. 20. 
Weight 365 grs. Specific gravity — 8-62. 

Metal of a yellow colour, and softer than any of the foregoing. 
For analysis vide Table. 



Analyses of Ancient Arms and Cutting Instruments. 
It would be impossible to determine the dates of these relics of 
former times with the same accuracy with which we may ascertain 
the ages of coins ; and 1 shaU therefore merely give the weight and 
dimensions of the various specimens which have been ei^aniined, and 
endeavour to adduce such evidence ae niay shew their great anti- 
quity, without attempting to specify the precise dates a.i wVvvii '0&«^ 
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were employed. 

ject, all agree that bi'a 

lore the discovery of ir 



e ancient authors who have written on this tii 
i for the raauufacture of arms 1 

" Anna antiqua mamia, ungueB, denteaque fuerunt, 

Et lapides, et item gilTarum fragmina rami, 

Et flammffl, atque ignes, postquam aunt eognita primum 

Poaterius ferri vis eaf terisque reperta 

Sed priuB teris erut quam ferri cognitos usus." 
Hesiod also informs us that, " In remote ages, the earth •* 
worked bj brass, because iron had not been discovered." The 
Etrurians were acquainted with the use of copper, and appear to have 
used it for the purposes of agriculture at a very early period, as 
when the boundaries of their city wore marked out, it was done with. 
a ploughshare of bronze.t Numerous other authorities might, if 
necessary, be quoted in support of tlie above statements ; but the 
opening of divers Scandinavian tumuli, of very remote antiquity, in 
Denmark, fully establishes the accui-acy of these accounts. From 
these barrows have been collected spec:imens of swords, daggers, 
knives, and implements of industry, since preserved and arranged 
in the Museum of Copenhagen, and among them are instruments of 
flint, resembling in their shapes, our wedges, ases, chisels, hammers, 
and knives ; which we may infer, from their rude workmanship, as 
well as from the materials of which they are formed, to have been J 
the first description of edge tools used by mankiod for the several 1 
purposes for which they were adapted. Specimens of swords, dag- \ 
gers, and knives were also found, of which the blades are made of ' ' 
gold, whilst the cutting edges only are of iron. Some of these objects 
are composed principally of copper with edges of iron ; and in the 
whole of them, the profuse application of copper and gold, in com- 
parison with the parsimony evident in the ei^penditure of iron, Eeems 
to prove that at that early, though unknown period, both gold and 
copper were more plentiful, and less highly valued than iron, among 
the now-forgotten people who manufactured these implomentB-t 

Although wo have the best evidence for believing that copper ai 
bronze were employed for the purpose of making cutting inetrumentlM 
before the discoveiy of iron, it would be more difficult to ascertaiaV 
at what date and among what nation this metal first came into get^jl 
nerat use. That it was known at a very early period we loam froniV 
various passages in the Books of Mo<!es ; and that it was used inth&^ 
days of Job (about B- c. 1400) for the nianutacturo of arms 
evident from the following passage : — " He shall flee from the i 
weapon, and the bow of steel shall strike him through.f 

It is neveilheless probable that bronze might have been in ci 
mon use long after the discovery of the harder metal, as the preptt^ 
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ration of iron must have been a very tedious and espensive cipera- 
tion, to a. people having but a, scanty knowledge of the metallurgic 
artB, and we accordingly find a kind of coniproraiM between its known 
utility and liigh commercial value in the case above quoted, in which 
the cutting edge alone is made of steel. At the present day, a valu- 
able discuvery made in any part of the world would speedily become 
known and appreciated throughout its whole extent, but at the re- 
mote time in which iron was first reduced from its ore, so little com- 
munication existed between the various nations, that that which 
might be well known and highly valued by the inhabitants of one 
country or state, might be quite unheard of in another, and conse- 
quently the uses of this metal may for a long time have been limited 
to a few districts where accident, or the smelting of some other 
mineral, had first revealed it!< presence. In the earliest ages of re- 
corded history, when the world was divided into numerous petty 
EtateE and principalities, the constant feuds, which were the principal 
occupatioD of mankind, would certainly cause a demand for arms and 
weapons of defence. Such a state of things must, however, operate 
most unfavourably on the cultivation of the arts ; and it is not reason- 
able to suppose that a conquering army on entering a foreign territory 
would have sufficient leisure to acquire the arts of the conquered 
nation, and consequently, although they might Gnd the arms of their 
enemies superior to their own, they would still be ignorant of the 
means by which they wore manufactured ; and thus the secret would 
remain for a long period in the possession of its first discoverers. At 
what precise opoch weapons of iron came into general use among 
the Bomans, we have not sufficient information to decide, but in the 
time of Augustus" iron mines were worked to a considerable extent 
in the Noric Alps (now lUyria), and from them iron of the first 
quaUty was obtained — -this via,t, used fur making the best weapons, 
and hence " NoHcus ensis," was as much synonymous for a good 
sword, as a Toledo, or Andrea Ferrara blade in more modern times.')' 
In this sense it is used by Horace, Book i., ode xvi., v. 9. At the 
time in which Pliny wrote his " Kistoria^aturalis,'' iron was almost 
universally employed, not only for the blades of swords, but also foi' 
the manufacture of the difierent cutting instruments used for the pur- 
poses of daily life, as he both describes the metal and the means of 
forging it, and also refers to the difficulty of tempering steel in order 
to give it the requisite degree of hardness. 

From these considerations, it is evident that the various weapons 
of bronze must be of great antiquity, since iron was in common use 
prior to the Christian era, and I have therefore placed the analyses 
of these instruments, in a part of the series which corresponds to 
that period, notwithstanding that in all probability some of them 
may belong to a much earlier date. 

* B. C. 30. t Jaoub oQ the PrecvmB !A6(.Bia,\,%%. 
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Sword-Blade (Fig. 1,) 
Found under Cliertsey Bridge, Tliaraes. Weight, 1 lb, ; 1 „ 
17 inches; breadth at widest part, If inch; hreadth where broken^ 
IJ inch. For analysis vide Table. 

Broken Sword-Blade (Fig. 2.) 
Found in Irelaad. Weight, 4 oz. ; length, 8 inches ; breadth at ] 
the hilt. If inch; breadth where bi-uken, 1 inch. For analysis J 
vide Table. 

Fragment of a Sviord-Blade (Fig. 3. J 
Found in Ireland. Weight, 6 oz. ; length, 8^ inches ; width a 
the broadest part, 1| inch; at the narrowest, IJ inch. 
lysis vide Table. 

Broken Spear Head (Fig. 4.J 
Found in Ireland. Weight 11^ oz. For analysis vide Table. 

Celt (Fig. 5.) 
Found in Ireland. Weight about 10 oz, For analysis md« Tabla 

Celt (Fig. 6.) 
Weight, about 1 lb. For analysis vide Table. 

Celt (Fig. 1^ 
Weight, 4 oz. For analysis vide Table. 

Cdt (Fig. 8.) 
Weight, about of oz. Specific gravity — 8'09 
vide Table. 



' analysis a 



C. 



a struck i; 



'Commencement of the Chrintian Era. 
Large Brass of Nero, a.d, 60. 
Reverse : Rome seated. 
Weight, 435 gra. Specific gravity = 8-69. Metal of a bright! 
yellow colour. For analysis vide Table. 

Tit^S. A.D. 79. 

Weight, 178 grs. Specific gravily= 8'5. Metal yellow and soft, | 
For analysis vide Table. 

Hadrian. A. D. 120. 
Fortunte reduci. 

Weight=365 grs. Specific gravity = 8-30. This coin is finely^ 
patinated, and the roetal of a fine yellow colour. For analysis vidf 
Table. 

Fait»tina, Jun. a.b. 166. 

Pietas. 

Weight=362grs. Specific gravity = 8-83. Coin without patin 

_^Metal of a whitish colour, and very brittle. For analysis vide Tabl«if 
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Greek Imperial Sunioaata. About a.d. 212, 

Reverse : The cicy seated. 

Weiglit=274 gra. Specific gravitj = 8-5S. Metal ol'a greyish 

colour ; very coarse ami brittle. No patina. For analysis vide 

Table. 



About A.D. 260. 



[etal rather hard, 



Small Bi-ius of the time of the Thirty Tyrants 
Yimrinus, Sen. (No. 1.) 
Provident ia Aug. 
■Weight = 37-7 grs. Specific gravitj = 8-77. 
and not patinated. For analysis vide TaLle. 

Victorinus, Sen. (No. 2.) 
Salus Aug. 
WeigLt = 37'6grs.' Speci(i(!gravity = 8'73. Coin not patinated. 
For analysis vide Table. 

Tetrius, Sen. a.d. 267- (No. 1.) 
Weight = 37'3 gra. For analysis vide Table. 

Tetriug, Sm. a.d. 268. (No. 2.) 
Weight=i45-25 grs. For analysis vide Tabie. 

Claudius Gothicus. a.d. 268. (No. I.) 
Spes public a. 
Weight =52'2 grs. Specific gravity = 8'81. Coin thinly uoverod 
with red patina. Metal rather hard. For analysis vide Table. 
Claudius Gothicus. a.d. 268. (No. 2.) 

Weight:=58'3 grs. Specific gravity :^8-71. For analysis uirfe 
Table. 

Tacitus. A.D. 275. (No. 1.) 
Libertas Aug. 
Weight = 62-3 grs. Specific gravity -8-72. For analysis vide 
Table. 

Tiicitus. (No. 2.) 
Pa\ publica. 
Weight = 49'5 grs. Specific gravity = 8-70. For analysis vide 
Table. 

Probtts. (No. 1.) 

Suceeeded Tacitus, who reigned only six months. 

dementia Temp. 

Weight of coin, 52'2 grs. Specific gravity = 8'72. Foranalysis 



vide Table. 



Weight = 4 
Table. 



Probus. (No. 2.) 
Mars Victor. 
Specific gravity = 8'74, For analysii 
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We learn from the foregoing analyses that tlie metals entering 
into the composition of the brass of the earliest ages were capper, 
tin, and lead, although the latter seldom occurs in any considerable 
quantity, except in the oldest specimens, and in many even of these, 
particularly in the early Macedonian coins, it is entirely wanting. 
The iron, cohalt, and nickel, together with traces of sulphur, which 
sometime occur, are evidently too small in quantity to have been in- 
teptionally added to the mixture, and consequently their presence 
must be rather ascribed to the localities from which the ancients 
drew their supply of ores, and the imperfect methods employed for 
■ their reduction, than to any design on the part of the artists. The 
cutting instruments whir.h have been examined, are uniformly com- 
posed of copper and tin, with the occasional admixture of a small 
quantity of lead, which was probably added for the purpose of com- 
municating a certain degree of toughness to the alloy, and it is also 
remarkable that the proportion of tin to that of copper, both in the 
celts and sword-blades, is very nearly as one to ten. 

Zinc first makes its appeai'ance a short time previous to the 
Christian era, and is continued in all the subsequent coins, although 
occasionally associated with lead and tin, until it almost entirely 
disappears in the small brass of the period of the Thirty Tyrants, 
when its place is supplied by a iq^uantity of silver, varying from 0'76 
to nearly 8 per cent,, and which may perhaps have heen intentionally 
added for the purpose of increasing the value of the metal. 

In speaking of these coins, Pinkerton remarks ;— " It may be 
proper to observe, before leaving this part of my subject, that the 
metal used in the Farts of the Assarioii, or in the small brass coins, 
is, as may be supposed, very little attended to by the ancients: In 
thoae of the first emperors, yellow brass is sometimes employed, but 
it is always of a refuse, or bad kind ; as in the Semis of Nero, for 
instance, Genio Atgvsti. But copper is the general metal used in 
parts of the As, from the earliest times down to the latest ; and if 
sometimes bi-ass he employed, it is never such as appears in the 
Sestertii and Bupondiarii, which is very fine and beautiful ; but 
only the refuse. Yellow brass of the right sort seems to have to- 
tally ceased in the Roman coinage, with the Sestertius, under Gal- 
lienus ; though a few small coins of very bad metal, of that hue 
appear so late as Julian II."* 

On referring to the table of analyses, we shall, however, perceive, 
that although the resuUs obtained seem to confirm the assertions 
made relative to yellow brass, in the above quotation, yet that in no 
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ODQ instance, has a coin bei:n round to consiiit of cupper alone ; 
the onlj case in which this metal proved to be unalloyed, was in the - 
spear-head, Fig. 4, found in Ireland. The largest proportion of 
lead occurs in the ancient Roman As. and its parts, in which it was 
probably employed for the purpose of rendering the alloy of which 
they consist easily fusible ; for these coins being originally e 
not stamped li^e other money, a metal melting at a low tempera 
ture would materially facilitate this operation. 

The later coins, containing a largo proportion of tin, seem to hare 
been struck whilst the metal was still warm, as it would be impos- 
sible to obtain such sharp impressions as tliey usually bear, by the 
force of any blow applied on a metal so very hard and brittle, 
ordinary temperatures. 

Finkei'ton states, that in the Roman mint, the alloy n 
cast into the form of bullets, and that these were afterwards flattened 
and sti'uck by the die, until an impression of sufHcient depth was " 
obtained. The appearance of many both of the Greek and Roman 
coins, indicates tliat the form of the blank pieces was spherical, but. 
the metal of these very coins, is frequently so brittle, that they m&7 
easily be broken by a blow from the hammer, and could not ha»^ 
received their present form without being previously heat«d and J 
struck whilst the metal was in a pasty state. That this was tlie ' 
method actually employed, is rendered very probable from some of 
the devices on the coins themselves, particularly on a Denarius of 
the Carisia family, bearing on the obverse, the head of Moneta, with 
name ; and on the revLrse, the implements used by the Romans 
in their coinage, viz., two dies, with the hammer and pincers ; which 
IS doubtless a correct representation of the apparatus employed in 
the Roman mint.* From the presence of the pincers in this design, 
it is almost certain that the metal was struck hot, as the bknk could 
otherwise be more conveniently placed on the die by the band, than 
through the intervention of tongs, which would rather embarrass than 
facilitate the operation. 

With respect to the furnaces employed by the ancients, little in- 
formation can be obtained, as these arts were formerly either held 
as secrets by a few individuals, who made a mystery of their opera- 
tions, or they were too much despised by ancient authors, to afford 
them a subject for their writings ; and we are consequently more in- 
debted for our scanty knowledge of ancient metallurgy to the vestiges 
of primitive foundries, which have occasionuliy been brought to light 
a parts of the world, than to any accounts which may ban 

1 transmitted to us from thuse 

The fii'st method of smelting ores, doubtless consisted in ptadaf 

which being kindled, first roasted, and then reduced a portion of th^ 
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material with which it vran mixed. In Macedonia, where lead mines 
were worked in the time of Philip, the father of Alexander, large 
heaps of slag are found so far above the level of the rivers of the 
country, that the furnaces in which the; were produced must have 
been worked either by bellows moved by human labour, or by the 
force of the prevailing winds alone* We are also told, that the 
Peruvians wtrc in the habit of melting their ores by the simple ap- 
plication of fire, or when they were of a very refractory nature, by 
means of furnaces so constructed on high ground as to yield a draught 
without the aid of bellows, a machine with which they were totally 
unacquainted.t 

The boles of Derbyshire, many of which from the pigs of Roman 
lead found in their vicinity, may be presumed to be of great antiquity, 
were worked in nearly a similar manner, and continued to bo thuB 
carried on during several centuries, as this method of smelting was, 
according to Childrey, not quite extinct in the seventeenth century, 
who, in speaking of the Peak, says : — " The lead-stones in the Peak, 
lie but jnst within the ground, next to the upper crust of the earth. 
They melt the lead on the top of the hills that lie open to the west 
wind ; making their fires to melt it as soon as the west wind be- 
gins to blow, which wind, by long experience, they find to hold 
longest of all others. But for what reason I know not, since I should 
think lead were the easiest of all metals to nidt, they make their 
fires extraordinary great."J 

DiscoTeries made by various travellers in Russia, during the last 
century, throw considerable light on the subject of mining and me- 
tallurgy as anciently practised in that part of the world. The 
remains of numerous mines have been traced by Gmelin, Lepechiu 
and Pallas, on the southern and eastern borders of the Ural Moun- 
tains ; and in them were found hammers and chisels of copper, as 
wall as various instruments of tho same metal, of which the uses are 
at present unknown. From the absence of any remains of masonry 
in the neighbourhood, these excavations are inferred to have been 
made by a nomadic people, probably the Scythians; and from no 
iron tools having beeii found in any of them, we may conclude that 
these operations were carried on before the. conquest of Siberia by 
the Tartars, who effected the subjugation of that part of Asia, about 
150 years before our era.§ Sledges made of large stones, to which 
handles had been attached, were also discovered, together with boars' 
fan^, with which the gold appears to have been collected, and 
leathern bags or pockets in which it was preserved. With such im- 
perfect tools, tho progress made must necessarily have been exceed- 
ingly slow, and in one instance, after reaching a band of rook and 

• WttleoQ'a ChamieBl Esaiija, i':i„ 265. 

t Alonso Barhu.— Troatise on Motals, French trnnslBtioii, i., S72. 

I Childreya Britain, 1661. 

g IliBtoirc G^nlalogique di^s TartareB. 
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ponetratiiig it ibr a, short distance, the miners seem to have 1( 
patience and abandoned the works. The pits or shafts are well 
about Beven feet in diameter, and of a cu-cular form, some of thei 
being 20 fathoms in depth. The passages and prop 
executed, but the former so low and narrow, that thej could onlj? 
have been excavated with the greatest difficulty to the workmen. 
The ores when extracted were carried to the nearest rivulet for the 
purpose of being crushed and washed, which operations were pro- 
bably dispensed with in the richest varieties, which were sometimes 
melted in -the mines themselves, metallic copper, together with slagj 
and the tools employed in molting and refining, having been 
in some of them. 

Lumps of copper, which contain no traces of gold, have also 
discovered, although the copper ores of the districts 
ciated with that metal, and it is therefore evident that thf 
people who worked these mines were acquainted with a method fii- 
refining gold. 

The eiiicUing was effected in sniall furnaces made of red bricks, 
and of which Gmelin found nearly a thousand in the eastern parts 
of Siberia. The height and breadth of these were about two feet, 
and the width three. They were also furnished with holes in two of 
their opposite sides, the one for the intfoduotion of bellows, and the 
other for the escape of the metal and slags. In the neighbourhood 
of the furnaces were found large quantities of broken pottery, 
gether with numerous heaps of scoring, which indicate that operati 
to a very considerable extent, have at some period been carried 
in that locality. 

Gmelin likewise found in the same districts the remains of various 
furnaces which had been employed for the extraction of silver, and 
remarked that the lead with which it was associated had been thrown 
away in the scorite, whilst the whole of the silver was carefully ex- 
tracted. By what means this was effected, in this particular case, 
is of course impossible for us to say, although it is highly probable 
that oupellation in some form was resorted to. Diodorus (III. 14) 
informs us, that gold was purified by being melted and heated in 
earthen pots, together with an alloy of tin and lead, to which salt 
and barley-bran were added, and that the fire was kept up dn 
five successive days. Another ancient author* states, that gold 
melted'by a gentle fire with the addition of salt, nitre, and alum, an&'j 
that the same process was employed for refining silver. It is, how- 
ever, difficult to understand what action tlieKe substances, with thft^ 
exception of the nitre, could have on the purification of silver and; 
gold, and we may therefore conclude, that the action of the air wuj 
after all the chief means of oxidation employed.-f 
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In Bi'itaiu silver mines were worked before the invasiuii uf tlie 
islimd tj the Romans, and gold must also have been well known to 
the inhabitants before the arrival of Cfcsar, since coins of that metal 
were then in circulation, Caisar and Strabo both state that the 
Britons obtained their copper fi'om foreign countries, and we may 
hence infer that the art of refining this metal was either unluiown, 
or little cultivated by our forefathers at that remote period. Iron is 
described by Cfesar as being so rare, that pieces of it were sometimes 
used as a medium of exchange, and almost as highly valued as gold ; 
but a century afterwards it had become very common, as in Strabo's 
time, it was an article of exportation.* Tin was anciently the most 
celebrated product of Britain, and appears even at that time to have 
been extracted in considerable abundance, since it was the desire of 
obtaining possession of these mines, and becoming thereby indepen- 
dent of the Fhceniciaa monopoly, which first induced the Romans to 
visit the island. Before the conquest of their country the Ancient 
Britons extracted this nietal from its ores by methods which they 
had themselves discovered, and which were probably improved on 
by their conquerors.^ The smelting process would seem to have 
been very simply conducted. The broken ore was placed in a hole 
in the ground, the sides of which were lined with pieces of wood, 
which, on being ignited, reduced the lead and tin, which were sepa- 
rated from the slags by being run off through a narrow channel into 
another receptAcle. Many of theSe rude furnaces have been found 

various parts of Cornwall and elsewhere, in which not only char- 
coal and slags have been discovered, but also portions of the reduced 
metal, which, in many instances, had, from long exposure to oxidis- 
ing influences, again become partially converted into tin ore.| This 
very rude method must have been attended with considei'able success, 
s the slags resulting from it have proved on examination to contain 
but a small amount of metal.§ 

From these and many other relics which have been met with in 
different parts of the world, we may infer, that although the arts of 
working the metals were carried on formerly on a much smaller 
scale than at the present day, the operations of the early metallur- 
gists were tolerably successful, and that in spite of the rude apparatus 
which they employed, the results obtained by them were generally 
of a satisfactory nature. 

That a groat degree of attention was at a very early period be- 
stowed on the manufacture of alloys destined for particular purposes, 
's proved by the uniform composition of the several cutting instru' 
ments examined ; although it is evident that but little care was taken 
to obtain a correct standard for the early brass money, as many 
pieces of nearly the same date, and of similar value, diflfer materially 

* Strabo, IV., 305. t Scinbo, I, 
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in the amounts of the metals of which they consist. On this sub- 
ject I shall offer no observations, as the object of the present paper 
is I'atber to shew the composition and proportions of the ancient 
alloys, than to enter into a discussion on the coins of antiquity, and 
I therefore leave this matter for the consideration of the numia- 
matist and antiquarian, whose labours in that direction may possibly 
be, in some measure, aided by the facta elicited from the foregoing 
analyaea. 




„ i. A broken epear-heul, from Ireland, preseDtiog the onl; epecimnioi 

allojed copper examined. 
„ 9. A celt, with B socket for the introduction of K wooden hnj 
eye, probsWy for the purpose of attaching a atriog. 
Nob. 6 and 7- Celte, composed of a harder alloy, and without socke 
No. 8. A celt, with aocUet and loop, found in Irelund, niid made of a hard nl 
This "jvEciraen appears to bate heon aharpeneii by grindii 



Account of Observations on the Solar Eclipse of Jidy 28, 

1851, made at Sebastople. By Edward Sang, Esq., 
F^.S.SA., Professor of Civil and Mechanical Engineer- 
ing, Constantinople. Communicated by the Royal Scot- 
tish Society of Arts.* 

While engaged in preparing to observe the eclipse of the 
sun from Constantinople, I received a copy of a letter, of 
date June 5th, addressed by the Astronomer Royal to Mr 
Waddington, proposing a trip across the Blaclc Sea, and ac- 
companied by copies of the Suggestions to Astronomers, pre- 
pared by the Committee of the British Association, which 
was forwarded to me by His Excellency Sir Stratford Can- 
ning. Subsequently, I have learned that this was at the in- 
stance of the Secretary of the Royal Scottish Society of 
Arts, and, accordingly, to that Society I make my report, 

The idea of a journey into Russia had previously crossed 
my thoughts, and, for various reasons, had been dropped ; 
but on learning that ray observation of the phenomena of 
the total eclipse might be of the least service, and that no 
one had been deputed from England to this quarter of the 
world, I laid aside all my preparations here, and resolved on 
a journey to the region of total shadow. 

Unfortunately, His Excellency's note of date July 12th 
only reached me on the 15 th, and the very next was the sailing 
day of the Odessa steamer ; it was utterly impossible to com- 
plete my arrangements in time ; there would be no other op- 
portunity by steam until the 26th, and thus our only chance 
of reaching the Crimea previously to the eclipse, was by a 
sailing vessel ; this chance, too, with the prevailing north 
winds, and the high state of the bai-ometer, was a very small 
one. So long, however, as a possibility of success remained, 
I was determined not to abandon the enterprise. With a 
change of wind we might still reach Kertche or Theodosia, 
and make the observations from the quarantine grounds. I 
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therefore proceeded at once to make the necessary prepare-; 
lions, and obtained a readily granted leave of abBence from< 
His Highness Ahmet Fethi Pasha. 

On learning the stat« of matters. His Excellency th«' 
Baron Titoff shewed all the anxiety to assist as which conld 
have been hoped from the most enthusiastic astronomer. 
After weighing in his own mind the almost impoBsibility of 
our reaching in time by help of a merchant vessel, M. Titoff 
made me the unexpected and most welcome offer of a pas- 
sage on board the hrig of war Perseus, which was about 
to return to Sebaatople, and whose departure he proposed to 
accelerate. Since, even this with aid, our only hope lay in 
a change of weather, it is needless to say how gratefully 1 
aecept«d so liberal an offer. 

His Excellency M. Titolf having furnished me with letters.] 
which every where procured for me the most courteous 
sistance, we left the Bay of Buyukder^, under the commaad'1 
of Prince Chickmakoff, early on the morning of the 21st 
Notwithstanding the most strenuous exertions, and the help, 
of the steamer Molnia, it was not until noon of the next day; 
that we succeeded in stemming the current and (airly launi 
ing into the Black Sea. 

The anxiety attending such hasty preparations being now 
over, we had leisure to concoct our plans and to discuss the 
nature of the instruments which we had collected. The 
tedium of our voyage may be well relieved by an account 
both. 

The ingress of Mercury on the 8th November 1848 was 
beautifully seen here. I had the good fortane to study it 
vrith an excellent 4^ inch aperture refi-actor, by Plossel, 
belonging to Ohanea Dadian, Esq. Having had every reasoa 
to be satisfied with the performance of this instrument, and.^ 
being desii-ous of leaving my own telescope for the use of zaj, 
family, I applied to Mr Dadian, who at once most kindly 
conceded to me the use of the Pltisselsche, We constmcl 
a light octahedral frame of slender fir rods to fit upon thi 
eye-piece of the instrument, and to carry a card on which a 
graduated circle was traced. The intention was to receive 
the Bun'a image on this card, under a t«nt, and to watch there 
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the progress of the phenomenon, so aa to avoid fatiguing the 
eyes ; the graduated circle would enable ua to refer any 
appearance to the proper place on the sun's disc. With the 
lowest power, the sun's image on this screen ia about 7^ 
inches in diameter; the spots with their surrounding um- 
brae, the variegation of the aun'a surface, and its gradual 
diminution in apparent brilliancy towards tbe edge are 
beautifully distinct. In this way we had examined the in- 
gress of Mercury ; the progress of the planet was distinctly 
followed without any appearance of that distortion which is 
mentioned in the Committee's suggestions. Hence I ex- 
pected that this instrument would afford conclusive evidence 
concerning the nature of the beads. 

The owner of this refractor procured from the same maker 
a splendid equatorial of 14J inches aperture, completely 
mounted, for the Ottoman Government ; this magnificent 
instrument has not yet been set up. 

For the purpose of determining our geographical position, 
we had an 8 inch portable astronomical circle, by Adie of 
Edinburgh, the performance of which has long given me the 
greatest satisfaction. It is read to 10" with three verniers, 
both in altitude and in azimuth, and is fitted with all the 
adjustments which an instrument of that size can require. 
This was accompanied by a chronometer, whose rate had, for 
several years, been found sufficiently steady, with a slight 
over-compensation, that is, a tendency to go faster in summer. 
Its winter rate had been Os. 9 losing, and its summer rate 
was Os. 24 losing. For comparison we had also a pocket- 
watch, whose rate was as close as that of the chronometer. 
A mountain -barometer for coiTecting the refraetion, a pair 
of Nicol'a eye-pieces, darkening glasses, boxes of tincture of 
litmus of voi-ious thicknesses, stearine candles for comparing 
shadows, and other odds and ends completed the apparatus. 

Encountering only light winds and calms, we saw our 
prospects of reaching Kertebe gradually wane ; computa- 
tions for Theodosia were made, and instructions were drawn 
up for a nearly tangential phase. Latterly we had been 
hoping against conviction, when, on sighting the south point 
of the Crimea, our hopes were revived by a fce&b btca-ui. 
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With the sunset of the 27th, however, the wind again fell, ' 
and the morning of tlie 28th dawned upon us with the 
possibility of reaching even Theodoaia. There was still a 
small probability of making Sebastople, the only other place 
at which we could set foot on shore: so after a short conanlta- 
tion the vessel was put about. 

Computations were now made for our new haven of hope, 
and corresponding instructions were drawn up. The rate of 
the log and our distance from the lighthouse of Kherson were 
anxiously compared; the light breeze gi'adually stiffened; 
the chronometer was coming up to the computed time of 
commencement, and our race against the moon promised to 
be a very close affair. We rounded the point of Kherson, 
and just as the quarantine bay was opened up, the index 
pointed to the time of looli-out. Meantime, in anticipation 
of our anxiety, our commander had caused the boat to be 
lowered and the instruments to be handed down ; and almoi 
simultaneously witli the first appearance of the moon's edgel 
came the intimation " boat ready." 

A very smart pull brought ua to the quarantine while the 
vessel continued on her way. To choose our stations, open 
the boxes, set up the instruments, and compose ourselves foP| 
observation, occupied some time and gave occasion ft 
anxiety ; but withui forty minutes from the beginning of th»! 
eclipse we were all settled to our duties. 

The party consisted of the first lieutenant, Mr Gregoi 
Jelesnoff, who had engaged to measure the distance hetwei 
the cusps, accompanied by Lieutenant Andreowsky, with ft 
chronometer ; of Mr Zazebin the first sailing 'master, who 
had undertaken to measure the breadth of the illuminated, 
part, accompanied by Mr Dain, the second master, wilJt 
another chronometer ; and of myself and son who were occa-. 
pied with observations on the appearance of the beads. 

As our computation had given 38" for the least breadth of 
the illuminated pai-t, there was no other pliysical phenomenon 
likely to come under our notice ; so, excepting a glance at 
the aspect of the surrounding scenery, and an attentive 
amination of the cusps in search of any appearance of thfli 
moon's limb beyor.d the sun's disc, of which there was 
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trace, we gave our whole attention to the appearance of the 
beads. 

My previous opinion on this subject was very decided. I 
had carefully studied the annular eclipse at Edinburgh, with 
an excellent reflector carrying a power of about 100 ; had 
seen the well-defined angular projections of the moon cut the 
sun's edge, and followed their disappearance to the last with- 
out perceiving the slightest distortion of the solar limb, or 
of any of the spots which were successively eclipsed. At 
another time, with the same instrument, I observed an occul- 
tation of Saturn, The end of the ring, which then shewed 
almost as a line, was seen gradually to shorten, and, when 
the moon's edge came up to the disc of the planet, the sharp 
angular contour of a mountain was plainly seen and observed 
by several of our party, while the planet retained its form 
unchanged. For these reasons, while preparing the notice 
of the eclipse of 1847, which was almost central here, I drew 
the attention of our observers to the ruggedneas of the lunar 
contour as sure to produce the appearance of a string of 
brilliants, about the time of each of the internal contacts. 
In all matters of difficult observation, one's pre-formed ideas 
go for a great deal ; for this reason I have stated mine. 

On examining the edge of the sun's image made on the 
screen, there was found a very extensive trembling, subject 
to sudden fluctuations, as thin hazes and fleecy clouds passed 
before us : the depth of the undulations varied from 5' to 8" 
or 10". This undulation prevented any accurate measurement 
of the altitude of the lunar ridges, although it left their 
existence sufficiently apparent ; the cusps also were ren- 
dered indistinct. Had we not been acquainted with the 
excellent performance of the instrument, we might have 
complained of great spherical aberration, as the large and 
palpable undulations were accompanied by a minute under- 
tremor which gave to the outline a permanent indistinct- 
neaa analogous tothat arising from a bad adjustment of the 
focus. 

Towards 3'' \b'" Greenwich time, the cusps shot out and 
reti-acted considerably with a leech-like motion, and at 3" 33'" 
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separate roundish beads began to appear ; these became more I 
frequent as the angle of intersection grew less. 

On attending closely to that pai't of tbe moon's edge, ] 
which was about to pass off the sun's disc, whenever we 
found an indentation and followed it up to the cusp, the hol- 
low was seen to separate from the rest of the illuminated 
surface, and to assume a roundish form, which fluctuated 
with the undulations. Carefully observed, it seemed that 1 
the indistinct roundness of the form was due to the retention, I 
by the retina, of the rapidly succeeding impressions. I 

At the incoming cusp again, whenever a bead made itft.J 
appearance and was followed until it united with the rest of ■! 
the illuminated surface, that portion of the moon's limb which 1 
had come on with it was found to be deeply indented. The | 
last of this class of phenomena which we noticed was so dis- J 
tinct, as of itself to be decisive. A large and well separatedia 
bead was seen coming on, and its distance from some irre-fl 
gularities on the moon's edge was estimated. After theV 
bead had amalgamated, that part of the moon's edge which J 
had the same distance from these irregularities was found to 1 
he marked by two prominences whose height above the J 
general surface might be 3" or i", and whose summits were.l 
at tbe distance of 8", with a deep hollow of about 6" betweenS 
them. I 

On the whole, the impression on my mind was confirmatory^ 
of my previous opinion, that these detiiched poi-tiona of lighVl 
result simply from tbe ruggedness of the moon's edge. !■■ 
had not previously had an opportunity of witnessing the M 
appearance under such favourable circumstances. What I I 
have now seen has convinced me that the distortions arising I 
from the unequally heated state of the atmosphere, or from m 
the imperfections of the telescope, have been taken for some- I 
thing else. I 

The decision of this question is not without important ■ 
results in practical astronomy, for the instant of occultation I 
of a star must be subject to an uiicertainty depending on the ■ 
configuration of that part of the moon's limb on which it | 
falls ; and this uncertainty must pervade all do terminations 1 
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of the loDgitude by this means. During the eclipae there 
was aeen a range of elevation measuring in length about 150", 
and of which the altitude was some 6" above the general out- 
line. Now the moon's mean motion is roughly one second of 
arc in two seconds of time, and the occultation of a star by 
this ridge would therefore have preceded by no leas than 12", 
the computed occultation ; and even b^ a longer time if 
the appulae were oblique. A very small change of latitude 
also will bring the observer opposite to a different part of one 
of these irregularities. 

This unevennesa of outline also opens up a discussion as to 
what is to be considered as the moon's diameter. With a 
powerofonly 50 the bright edge is seen as an irregular line not 
naerely indented and studded with prominences, but irregular 
in the large way, that is, deviating greatly from the circular 
form. Photographic portraits of the moon in various states 
of her libration would be of immenae value in enabling astro- 
nomers to compute exactly an occultation. On our globe 
the ocean spreads over the greater part of the surface, and, 
\>y its imity, determines the general form ; but on the moon 
there is nothing analogous. Even those spots which appear 
with a low power aa extensive plains, are found, when more 
narrowly examined, to be undulated and even studded with 
small volcanic mountains. What then is to be regarded as 
the moon's diameter, and from what starting point are we to 
reckon the heighta of the lunar hills^ 

To return to our eclipse ; the rapid formation of heavy 
cloudawamedusoftheproprietyof determining ourlocal time, 
for which purpose the altitude of the sun's lower limb was 
taken with Adie's circle, face east and face west, and then the 
.end of the eclipse was waited for ; a few seconds before it 
happened the sun's disc was completely concealed by a cloud, 
and thus we had neither the beginning nor the end from 
which to compute our longitude. 

On the evening of the 29th we determined the latitude 
irom tlie observed altitudes of a Polaris and of Vega to he 
north 44° 36' 17'- The chronometer was also compared at 
the same time with the local siderial time, and thence, by 
ilelp of observations made here before our departure and 
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after our return, the longitude was found to be 18" 04' e( 
of my present residence. 

Aa I had hitherto made no very careful ohBervations 
determine my longitude here, not anticipating any proti 
stay, I resolved to postpone sending my report until an op- 
portunity should have occurred of verifying it. For this 
purpose the occultation of 74 Aqnarii was observed on the 
9th September, and at the same time the right ascension of 
the meridian was taken by help of the altitudes of a Polaris, 
Aretui'us, and Vega. This plan I was forced to by the want 
of a distant night-signal for my meridian. On making the 
computations strictly without any approximate operations 
there came out lat. 41° 03' 06°, Ion. 1'' 55™ 51% which thus 
gives for the longitude of the quarantine station at Sebastopl 
2" 13" 55». 

As we had not been fortunate enough to observe either 
the contacts so as thence to deduce directly the longitude rtf 
Sebaatople, we were thrown upon our other resources, viz., 
the angular distances of the cusps, and the breadth of the 
illuminated part. Seeing, however, that with the sextant we 
can hardly come within 15", especially when we use darken- 
ing glasses, and that this would give an uncertainty of 30" in 
longitude ; and seeing also that towards the end of the eclipi 
the cusps approach each other very rapidly, it followed thi 
our most favourable observation was the last made by 
Jelesnoff. From it, and from the observations on the all 
tude of the sun's lower limb, the longitude was found to 
2" 14™ 08», only 13» more than that found by the chroi 
meter. 

All of these results indicate a greater longitude for Oi 
Btantiuople than that usually given in tlie books, for whicK^ 
reason I have defeiTed the ti'anamisaion of this report, await- 
ing the opportunity of another occultation. Having prepared 
the preliminary calculations for that of B.A.C. 6607, I 
just been disappointed by the otherwise welcome appearam 
of rain-clouds. The next occultation visible here is that 
f Ceti on the 11th, for which, considering the chance of hroki 
weather, it is scarcely worth while to wait. 

In conclusion, I have to regret that an unaccountable del 
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iu the transmission of the " Suggestions" should have pre- 
vented me from making airangements in time for the packet, 
and that, notwithstanding the energetic assistance which 
was accorded me bj His Excellency Baron Titoff, and by the 
officers of the Perseus, we were unable to attain the principal 
object of our mission. There is, however, this consolation, 
that, as the Kussian astronomers had made complete ar- 
rangements, no loss to science has accrued fi^om our misad- 
venture. 

Const ABTIBOPLE, October 2, 18S1. 



On ike Scratching of Rocks by the passage over Ihem of Sharp 
Delrital Matter. By Lieut.-Colonel Portlook, F.E.S., 
President of the Geological Society of Dublin. 

As the old opinion regarding the effect of the passage of 
detritus over the suiface of rocks in forming the scratchings, 
&c., 80 generally observed, is again brought forward by our 
friend the present President of the Geological Society of 
Dublin, we doubt not our readers will be interested by the 
following details, as given in Colonel Poi'tloek's Address,* 
which has jnst reached us. 

" In my communication on Eantry Bay I brought under your 
notice one of those examples of the scratching of rocks, by 
the passage over them of sharp detritic niatter, the surface 
having been previously worn smooth and partially polished 
bv a similar action. The example, which I described from 
my own personal observation, was taken from one of those 
bluff clay banks so common in Bantry Bay, the interior por- 
tion of which — meaning that part within Whiddy Island — 
appears to have been formed by denudation of a compara- 
tively recent date, or subsequent to the formation of post- 
tertiary deposits. The wear of this great mass of gi-avelly 
day studded with boulders, or, in other words, of boulder- 
clay, ia still continuing, and must continue, so long as any 

* Vide Journal of the Gaologieal Society of Dublin, vol. v., Part let, I86I. 
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portion of it remains uithin reach of tidal action. As tlia 
level of the water rises, the waves beat upon the base of the 
clay cliff, and gradually undermine it, until at length the top 
falls in, and for a time the base is protected by the fn^w 
ments. When, however, they have been washed away, U» 
work of destruction is renewed, and slice after slice of the 
cliff or bank is thus removed, until, at length, tlje base retires 
beyond the action of the higher tides, and the cliff, expoaed 
only to ordinary atmospheric agencies, finally crumblea int» 
a slope fitted for the preservation of statical eqnilibriuin. 
the progress of this wear it is usual to find the boulders and 
larger gravel of the clay heaped up as wat<?r-woi*n shingle at 
the base of the clitf, the finer matter or clay having been 
washed away. It was at the base of a bluff headland of this 
boulder-clay, which is only exposed to the action of the wavefl 
in very high tides or in storms, and is, in part, protected by-' 
a bank of water-worn shingle, which had once been imbed- 
ded in it, that I observed a portion of the rock laid bare, 
which, far from exhibiting the jagged edges of the strata 
habitually exposed to the wear and tear of the waves, 
was smooth and rounded in its surface, and further marked 
by fine sharp scratches, varying in their parallelism accord- 
ing to the relative positions of the slopes of the rock and the 
consL'fjuent direction of the scratches. It furtljer appeared to 
me that these scratches passed under the clay ; and I there- 
fore assumed, as probable, that they had been made by sub- 
stances moving with or imbedded in the clay. It will be 
understood that I endeavoured mei-ely to state a fact, and 
not to describe historically the phenomena with which that 
fact would be naturally connected. It is right, however, that 
I should now observe, that in my Geological Report on 
Tyrone and Londonderry, published in 1843, I have dis- 
tinctly pointed out that the phenomena of dr'rft are such as 
cannot be explained by any one movement of water, whether 
diluvial or fluviatile or marine, but are the results of actions 
often varied in their direction and amount, in a manner very 
similai* to that which can be traced in more ancient deposits. 
In the illustrations to that work I have given examples both 
.of contorted strata and of cross or false stratification in 
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drift, and bave contrasted them with similar appearances in 
secondary sandstone rocks. It is not the time to enter into 
an explanation of audi phenomena further than to urge that 
they prove a long continued and regular mode of deposit, 
implying a sequence of strata. Nor do I see anything in 
their character which can, a priori, decide in any case whe- 
ther they preceded or followed the deposition of boulder- 
ciay. Local evidence has, however, proved that in some cases 
the clay preceded the stratified sands and gravel ; but it is not 
impossible that, in other cases, marine currents may have 
swept over the surface of rocks, and huri'ied with them sand 
and shingle prior to the deposition of boulder-clay. If such 
were the fact, the surface of a rock may have been smoothed 
and polished by the friction of the sand passing over it, and 
subsequently grooved and scratched by the more slow move- 
Inent of glaciers or of boulder-clay. 

I have now come to the point where I may fitly notice 
the paper or letter of a respected fellow-mem her, your for- 
mer president, Mr Robert Mallet, brought forward on the 
11th December, in which he lays claim to priority in an 
explanation of the mode in which rocks have been grooved 
and scratched. Mr Mallet states that, in company with 
Professor Oldham, he examined, in May 1844, the cuttings of 
the Drogheda Railway made through the calpe, in the neigh- 
bourhood of Killester, and observed numerous scratches in 
tlie rock, and on the lower surfaces of boulders imbedded in 
the clay and gravel beds above it ; and some of the scratches 
appeared to indicate that the superincumbent clay had been 
forced en masse up hill over inclined calpc beds ; and that 
be concluded, from the evidence in general (and communi- 
cated his views on the subject to Professor Phillips and the 
Council of the Society, on the 5th June 1844), that the 
scratches had been caused by the movement en masse of ' the 
clay and gravel beds ovoi- the rock beneath, and that the 
Bcratches upon the latter, as well as those upon the large 
boulders reposing on the rock and imbeddeil in the clay, had 
been produced by their being carried over the rock along with 
the moving masses of clay and gravel.' On the 12th Nov. 
1845, Mr Mallet read a paper on the subject to the Society, 
VOL. Lll. NO. cm. — JANDAEY 1852. ■« 
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and then ' enutteiated the doctrine that the lateral 
of masses of mud, sand, and gravel, while in a wet and plastu 
state, either under the sea or upon land very recently eleyatedl 
above it, had been the great agent not only in the almost 
universal scratchings observable upon the sui-faee of the rockB 
of every part of the earth, but liad been also the means of 
transport of the far larger proportion of the boulders and 
greater drift masses that cover the earth.' Mr Mallet 
showed the close similarity that, in his opinion, exiata Imh 
tween the motions, internal and external, of a moving 
of mud or sand and gravel, or of vast landslips, and of those 
of glaciers ; and at the Cambridge meeting of the British 
Association, again brought forward his views, adopting the 
term ' mud glaciers,' as illustrative of this supposed simin 
larity." 

It is thus on these grounds that Mr Mallet claims priorityrl 
of discovery, and complains that many geologists hav9 
adopted his mode of explanation without acknowledging 
referring to that priority ; and it becomes necessary, thers' 
fore, that I should set before you so much of the history 
this branch of geological science as will be necessary to 
derstand and to decide on this claim. 

It is scarcely necessary that I should here observe, that 
by early geologists, with some exceptions, the existence of 
gravel and sand was ascribed to diluvial causes, and that 
scratches or marks of friction were considered evidence of 
diluvial cuiTciits. In Catcott, for example, the transport of 
detritic matter by the diluvial stream is strongly urged, and 
the wear of the strata by diluvial waters. In like manner 
these effects were ascribed to the movements of water, when 
HuttoQ and his pupils Playfair and Sir Jamea Hall, had ad- 
vanced and ilbistrated the theories of elevation of mountain 
masses and marine currents. Mr Greenough 1^1819), in his 
critical essays, observes,—" These theories refuted, therei 
remains, in explanation of the phenomena of boulder-stones^l 
the tlieory which attributes their occurrence, like that 
ordinary gravel, to the action of running water, The argu- 
ments in favour of that doctrine are, that boulder- 
evidently not in situ ; that they are, for the most part, tPftO( 
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able to the parent rock, which, however distant, ia always at 
a higher level .than themselvea ; that they often rest upon 
beds either secondary or alluvial ; and, lastly, that the upper 
surTace of rocks protected by soil is, in many cases, so fur- 
rowed as to resemble a wet road along which a number of 
heavy and irregular bodies have been dragged, those fur- 
rows generally agreeing, in parallelism, both with one an- 
other, and with the ridges and large features of the dis- 
trict." 

Mr Greenough, not considering the force of running water, 
either as exhibited in the torrents of rivers or in the sea, 
sufficiently great to account for such results, ascribes them 
to the deluge. Hutton had ascribed them to the tumultuous 
rush of water consequent on great debacles, the result of 
sudden elevations of mountain chains and masses. 

Dr M'Culloch, in his System of Geology (1831), observes 
in his chapter on Changes in the Disposition of the Sea and 
Land, " But I must not omit one argument supposed to 
afford a strong evidence of such diluvial currents ; namely, 
the scratches or marks of friction already noticed in rocka 
where water does not now flow. Many of the quoted in- 
stances occur in places where rivers have once run, under 
the changes already pointed out ; while if the others confirm 
the former existence of currents that could not well have 
been rivers, they are not competent to prove such movements 
of water as I have here rejected (diluvial). I shall inquire 
further of them presently, as the probable effects of heavy 
alluvia transported by water under other causes," an idea 
which is similar, if not identical, with that of Mr Mallet. 

Again, in his descriptions of alluvia, Dr M'Culloch has 
one section denominated " alluvia of descent." He says, — 
" The necessity of revising the alluvia has caused me to give 
this name to those which are produced by a combination of 
gravity, aided by rain, svith the ordinary disintegration of 
the summits of mountains. These occur in all declivities, 
'and consist of clay and sand, with fragments often of great 
size, which, if generally angular, ai-e sometimes slightly 
rounded, from partial attrition or decomposition. Their real 
«rig^ is indicated hy their position, by tracing the progress 
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of the operation, and by the nature of the substances. Their 
depthn vary according to circumstances, and they often de- 
scend so far as to occupy the valleys beneath." " Aa theae 
appearances occur in very gentle declivities, aa in Cumbray 
and Isla, or almost on level ground, as near Comrie, here is 
a demonstrated cauae of even transportation which geology 
has overlooked. That even boulders may have been grv 
dually moved in this manner to great distances from tho 
parent rock, is abundantly obvious ; and I may here say; 
once for all, tliat whatever volumes may liave been bestowed 
on tbeae travelled blocks, there is no reason for separating 
them from the several classes of alluvia to which they be- 
long," — an idea again identical with that of Mi" Mallet. M- 
Dauase, in hia Essay on the Chaine dea Roussea (1834)( 
describes the mountain gorge of Flumay, which is formed by* 
the junction of the granitic and gneisose rocks of the great 
chain of the Rousses with the slate escarpment of C6te-Belle» 
This deep ravine narrows at its bottom almost to a line, and 
has there a steep descending slope. On the left, and to-, 
wards the head of the gorge, the gneisose beds, which apft 
above, have been greatly dislocated, and have produced huge 
accumulations of debris at the bottom. On the right, "tin 
very bowels, aa it were, of the mountain de Cote-Belle an 
exhibited as the various beds crop out in the steep escai 
nient. Strangely, indeed, is this escarpment ravined and 
grooved and notched by the projecting of its several beds, 
and shaped into I'ugged asperities and bold needles, which 
are incessantly giving way and falling to the bottom. It 
here that we find torrents or coulees de debris, which the;' 
rains and great thaws have the power of moving. In thiij 
passage, M. Dausae almost seems to have Mr Mallet's illuH' 
trative image of a glacier in hia mind, but he contents him-i 
self with merely stating that huge accumulations of debrig 
are made to flow down the course of a steep ravine by th« 
increased power of water consequent on heavy rains 
den thaws. 

Quotations of a similar character might be multiplied, 
the first mode of explaining the polishing and grooring 
rocks was naturally to ascribe them to the passage of drift 
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or, aa it was then considered, or at least called, diluvial 
matter — over them. 

IVHalloy (1831), in hia Elements, Btatea, that M. Erong- 
niart had observed portions of the primordial rocks (granites, 
&c.) where the surface had been polished and grooved in the 
direction of the trainees of debris, as if it had been worn by 
the passage over it of the blocks composing them These 
trainees in Scania and Smalande form longitudinal hills, 
which the Swedes call as, or ose ; onr Irish escars. M. 
D'Halloy classifies, from the observations of M. de Beau- 
mont, the drift or diluvium thus : — " It apparently occurs 
in three diiferent forms. In the bottoms of valleys it ap- 
pears as terraces, separated by a longitudinal depression, in 
■which, like a secondary valley, is the ordinary watercourse ; 
in plains it is spread out in vaathorizontal 'nappes,' or sheets; 
and in mountains and hills it occurs as erratic blocks. It 
cannot he said that it exhibits a true stratification, though its 
masses often exhibit a partial parallelism. M, de Beaumont 
considers it generally in unconformable stratification with the 
strata which it covers ; and, it may be added, that excepting 
■where secondary valleys have been worn in it, the tendency 
of drift has been to fill up hollows and inequalities, and to 
reduce the surface of the earth to horizontality. 

It will be observed that the proximate cause of the polish- 
ing and grooving rocks was naturally sought in the passage 
of drift over them, and that to explain the cause of the move- 
ment of that drift was the real diiiieulty. Fluviatile, marine, 
and diluvial currents have all, in turn, been called into action ; 
And had our learned member, Mr Mallet, given us a clear and 
satisfactory explanation of a new mode in which such large 
masses of drift might have been put into motion and spread 
over the surface of the earth, he would, indeed, have deserved 
our thanks. His reference to the movement of landslips 
does not appear to me such an explanation, as it involves a 
generalization similar in character, and certainly more de- 
fective than that of Agassiz, in respect to glaciers. 

It was, indeed, principally to supply the defective cause of 
the motion of drift that Agassiz endeavoured to generalize 
the phenomena of glaciers, so as to make them consiatftut 
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not only with the drift of mountain valleys, but also with tbi 
immense detritic coating of the level plains below them. 
The effect of his first exposition of the phenomena to British 
geologistB, who were not, like those of the Continent, familiar 
with the writings of Hugi, Charpentier, and Venetz, was 
truly BUPpriaing ; and many of the most distinguished, headed 
by Dr Buckland, entered upon the search for glaciers with the 
utmost enthusiasm. Xor has the subject lost its interest even 
now, as almost every season produces new examples of former 
glacial action on the mountains, humble as they compara- 
tively are, of the United Kingdom. Agassiz was not origin- 
ally an advocate of the glacier theory, but, as he informs ub, 
considered the explanation of drift and its effects by manne , 
currents more simple and rational. Personal intercourae,- 
however, with Charpentier soon brought him to concur in the 
opinions of that author, and he became their most zealoa«.| 
and successftil expounder. In one respect, the advocate, 
for glacial action has this great advantage, that he caii,i 
appeal to nature for proofs of the transporting power of ice — » 
whether on land, as exhibited in the glacier, or in water, a^ 
manifested in the iceberg, or in the icefloe ; and the real, 
question, therefore is, whether that transporting power ia, 
equivalent to the effects which have been produced. On. 
this point we may freely admit, as had been done long before, 
that the transport of large erratics is best explained by re- 
ferring them to icebergs or icefloes. In like manner, the 
grooving and polishing of rocks within mountain chains, and 
even the arrangement of mountain drift, may be fairly as- 
cribed to glaciers ; but a doubt may be reasonably expressed 
whether either or both of these actions can explain the ar- 
rangement of the more widely spread drift of plains ; and we 
are forced to call into our aid marine currents, more especi- 
ally tidal cuiTcnts, of which we shall again speak in the 
sequel of these remarks. It is right, however, to inquire 
first into the peculiar relations of the glacier to the effects 
we are now studying. M. Agassiz states (Etudes sur lea 
Glaciers, 1840, p- 184), " The bottom of the glacier does not 
always rest immediately on the rock or ground, but is usualljr 
separated by a bod of sand or mud, which, according to iin. 
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tliickriess, contributes more or leaa to the formation of ter- 
minal moraines. This bed proeeeda from the fragments of 
rocks which fall under the glacier, either through its nume- 
roaa cracks or by its margins, and are triturated into rninute 
particles by the gi-inding action of the glacier as its moves 
along its channel. When glaciers move over granitic rocks, 
this bed is composed of very fine, white, and very loose sand ; 
when, on the contrary, the moraines, which supply the mate- 
rials, have proceeded from caleai-eous or slaty rocks, the bed 
is dark and pasty. It is to the small gravel contained in this 
intermediate bed tbat the characteristic strife of polishing 
i-ocks must be ascribed. In the upper valleys, this bed is 
frozen and adherent to the ground, whilst in the lower it ia 
thawed. Independently of this bed of sand or mud, it is not 
unusual to meet under the glaciers a bed, more or less con- 
siderable, of small rounded blocks, varying from the size of an 
ordinary pebble to a diameter of six inches or a foot. These 
rounded boulders, which have been evidently triturated and 
worn like the sand by the movement of the glacier, strongly 
resemble the gravel beds of what have been called diluvial de- 
posits, and were they not so clearly connected with the glacier 
action, would be ascribed to powerful torrents. These beds 
of pebbles vary considerably in different glaciers, and are 
specially well exhibited under the glacier of the Trient, where 
it is manifest that they proceed from the detritus of the 
sides of the valley, and are renewed continually as the more 
ancient portion of the bed is pushed forward to the lower 
part of the valley — a fact which negatives the supposition 
that the glacier may have been formed on a tertiary do- 
posit." 

M. Agastiiz also points out that fragments encased in the 
ice act as files or rasps upon the rock when the glacier ia in 
actual contact with it — a mode of operation which has been 
reasoned upon, whilst the other, or that in which a mass of 
detritus is moved with and under the glacier, has almost 
escaped notice. 
" Agassiz indeed says—" We have seen that the bed of mud 
and gravel, which is intermediate between the glacier and the 
bottom of the valley, contains a quantity of small fragments 



of very bard eilicious rocks, and, being moved on br the mass 
of the glacier, act aft so many diamonds on the rock below^ 
scratcljing itB surfaee, whilst the mud and ice polish it. If,", 
he adds, " the striie and grooves under existing glaciers ha 
been laid bare, and thereby made as distinct as those of ex- 
tinct glaciers are, the connection between the striie and tlis 
action of glaciers would have been long since admitted, and 
an explanation of the phenomena neither sought for in cur- 
rents of water or of mud." 

I shall quote no further from M. Agassiz, and I have dwelt 
so long on the subject merely because I consider it of high 
importance to determine the real mode of deposit of the 
various descriptions of drift ; and though I have observed 
disinclination in many geologists to dwell on this or other 
branches of physical geology, I cannot but feel that it must 
ever be a reproach to geology if it cannot succeed in unravel- 
ling the difficulties which still obscure our explanations of 
drift, an operation which has taken place almost at the 
moment of man's birth. My predecessor in your chair had 
also occasion to refer to this subject in his address ; and with 
his observations I partially agree, partially disagree. I cannot 
agree with him when he considers M. Martin's argument 
defective, in illustrating the possibility of glacier action in 
the mountain near Loch Lomond, at an elevation of 2400 
feet, by the discovery of such action in the Alps, 2468 feet 
above the bottom of the valley which contained it. There 
in evidently no analogy between the case he adduces, namely, 
that as one rock (protogine, for example) occurs in one dis- 
trict, the statement of its occurrence in another might be 
thereby established. Doubtless were some strange and ap- 
parently anomalous rocky compound said to have been found 
in some particular district, our belief of the possibility of its 
vxistonco would be aided by a knowledge that it had been 
found in some other similar district; and in this way the 
glacior phonomena of the Alps may reasonably be called in 
to illustrate those of the Scotch and other mountains. I do, 
however, agree with my learned predecessor — and I had long 
since expressed that opinion — tliat it is dangerous, nay, un- 
philosophical, to view the phenomena of all " Bo-oalled drift 



by the passage over them of Sharp Detrital Mailer. 

leposits only in connection with, and as illustrated by, the 
phenomena of Alpine glaciers." On a former occasion I 
itated, as Sir R. Murchison has also done,'that the eompoai- 
^on of our ancient conglomerates and sandstones is, from the 
■ibsence of boulders, such as not to lead to a belief that even 
glacial or ice action had existence at the time of tbeir deposit; 
md if this opinion be correct, accumulations of ancient drift 
sand, gravel, and mud must have then taken place through 
ibe agencies of fluviatile and marine currents alone. But let 
pe aslt, has the recent removal of any of the secondary or 
tertiary strata from the rocks below them, either by quarry- 
iog or fluviatile action, laid bare surfaces worn in the manner 
ivhich has been described I I have seen evidences thus dis- 
alayed of the ordinary action of water, but I have not seen 
ihe polished or striated surfaces. Often, for example, may 
le seen on the sloping side of the beds, the surface of mica- 
eauB schist, when recently bared by the removal of super- 
cial strata, still exhibiting the well-known ripple marks, 
lat no transverse atriaa or groovea. I throw out this observa- 
ion in the hope that the absolute antiquity of such markings 
aay be defined. "Whilst, however, I cannot limit the pheno- 
aena of drift to any one glacial cause, I must admit and 
cknowledge the vast importance of the recent study of glacier 
£tion, as without the demonstration of the more extended 
aistence of ancient glaciers it would he impossible to satisfy 
Ihe mind that a truly glacial epoch had occurred in the earth's 
listory. The establishment of the former extension of glaciers 
tatorally proves the greater amount of general cold, and 
irepares us to admit the floating icebergs and icefloes, which 
ire assuredly the most natural and efficient means of trnns- 
iorting the Inige erratic boulders which have been spread 
iver our now dry land. Such phenomena are now exhibited 
^y the icebergs of our own seas, which convey fragments of 
■ock thousands of miles from their natural seat ; and would 
t not be truly unphilosophical to deny the possibility of such 
Igencies at more remote epochs, or to refuse the corroborative 
lyidence which ancient glacier action adduces in its support. 
3ut whilst the glacier and the iceberg were performing tbeir 
brba, the river and the seas were not idle ; and thus the tciva 
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explanation of drift must combine the actions of all. One of 
these, namely, the simple notion of the tidal current, aeems 
scarcely to have been noticed in reference to this suhject. 
though it has, doubtlesB, co-operated materially in producing 
Bome of the results observed. Almost every bay on our coast 
may afford evidences of the accumulation of gravel and sand 
by tidal currents ; and it is very curious to observe how the 
shingle, or marine gravel, is sometimes moved over a smooth 
surface of sand. Nor is this the only effect, as I was enabled 
to observe, to great advantage, the action of the moving 
gravel in producing grooves in more solid substances, as 
exhibited in the breakwater at Southsea Gastle, near Ports- 
mouth, which has been worn in the most remarkable manner 
in deep parallel grooves, so as to assume the appearance of 
the most complicated mouldings. I have no doubt that a 
similar grooving takes place in ordinary rocks when favourably 
situated as regards the tidal cun-ent ; and I would, therefore, 
suggest to every observer of such phenomena the inquiry, 
whether the grooving, as regards its physical position, 
most nearly in relation to tlie action of a land glacier or 
that of tidal currents. 

Nor must fluviatile action be overlooked, as its power 
very great under fitting circumstaucea. For exampli 
it be doubted that such a river as the St Lawrence 
both by its waters and by the masses of ice it bears along 
upon them, convey large quantities of detritic matter, and 
arrange that matter at the bottom of the lakes in a manner 
very similar to that observed in the di-ift of our plains and 
estuaries. Other evidences of fluviatile action in pot-holes, 
&c., as pointed out by that eminent American geologist. 
Professor Hitchcock, should not be overlooked. On golid 
rocks the action of rivers is small, hut on the softer secondary 
strata, and on drift, it is considerable. In these latter cases 
they are modifying agents, removing and readjustinganciei 
drift, BO that it is to more ancient rivers, or more anciei 
causes generally, that we must ascribe the drift itself. 
making our selection between these causes we must not 
forget that a mere present difference of level between the 
point observed and the bottom of the valley or the stream 
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running in it, is not a sufficient reaaon for rejecting the evi- 
dence of glacier action, as subsequent elevation has, lioubt- 
lees, raised up the whole. In the glacial period when, as it 
is presumed, this extension of glaciers occurred, it is highly 
probable that our mountains were less elevated, whilst the 
limit of eternal snows was brought nearly to the level of the 
ocean. If, then. I consider a glacier as a true motive power 
applied by nature to transport drift, I consider it only as one 
power among many. I look upon it also as auxiliary to other 
glacial agencies, as it is the carrier by which detritus is con- 
veyed from the mountain top and valley, until it is confided 
to the iceberg or icefloe, to be floated away to other and dis- 
tant regions ; but even with these restricted views of the 
ogical agency of ice, it is evident that our knowledge of 
the phenomena connected with it cannot be too much extended; 
and I am happy, therefore, to see that it continues an object 
of zealous research. 



On the liemaina of Druidical Temples near Penzance. By 
RiCDARD Edmonds, Jun., Esq.* 



Having in former communications described the dwelling 
places, and tombs of the very ancient inhabitants of this 
neighbourhood, I will now speak of their Temples — those 
erections which consisted originally of nineteen detached 
Btones, placed upright, from 3 to 5 feet above ground, in rude 
circles, varying in diameter from 65 to 80 feet, and called by 
antiquarians " Druidical Temples," but by the neighbouring 
population " nine maidens," an abbreviation doubtless for 

nineteen maidens." Borlase has noticed four of these within 
5 miles of Penzance, all of which are still to be aeen.t 
(Here the author minutely describes the four temples.) 

These four temples are not the only ones in Britain wherein 
the number 19 stands so prominent. In Stonebenge the 
inner oval immediately around the altar consisted of precisely 

* Vide Penzance Sotural lliatory and Antiquarian Society's EeporC fur 
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nineteen stones (see the plate in Dr Stukeley's StonehBiij 
p. 20). So, too, the temple of Classerniss, in the isle < 
Lewis, "called a heatben temple," consisted of an avenue c 
nineteen stones on each side leading into the circle of twelvjj 
others. • 

I will now cite a passage from Diodorus Siculua.t in sup 
port of the general opinion that these circles were templej 
of the sun. The passage begins with an apparent reference 
to Mounfa-bay, the most southern and the mildest part of 
Great Britain, and the only place in this island considered to 
have been frequented by the ships of the Phoenicians t 
Greeks : — 

"Amongst them that have wntten old stories much 1 
fables, Hecatieus, and some others say, that there is an islanfl 
in the ocean over against Gaul (as big as Sicily) under tha 
arctic pole where the Hj-perboreans inhabit; so called I 
cause they lie beyond the breezes of the north wind — thai 
the soil here is very rich, and very fruitful ; and the climata 
temperate, inasmuch as there are two crops in the year." 

That Mount's-Bay is the place alluded to by the Greciai 
author, may be inferred from the fact of its still producing! 
much earlier, and therefore more crops in the year than anyT 
other part of Britain. But to proceed with the passage fron« 
Diodorus : — 

" They say that Latona was born here, and therefore that 
they worship Apollo above all other gods ; and because they 
are daily singing songs in praise of this god, and ascribing to 
him the highest honours, they say that these inhabitants de- J 
mean themselveg as if they were Apollo's priests, who hafti 
there a stately grove and renowned temple of a round form,! 
beauti6ed with many rich gifts : that there is a city likewisQ'f 
consecrated to this god, whose citizens are most of themf 
harpers, who playing on the harp chant sacred hymns i 
Apollo in the Temjile, setting forth his glorious acts." " Thfl'l 
sovereignty of this city, and the care of the temple (they I 
aay) belong to the Boreades, the posterity of Boreas, whol 
hold the principality by descent in a direct line from that | 
ancestor," 
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TLe city and temple here referred to are supposed to have 
been those of Old Sanim and Stonehenge, and to have heen 
Tccted under the superiDtendence of the Druids who came 
to Mount's-Bay fi'ora Canaan in Tyi-ian ships, and were re- 
ceived as priests by the aborigines of this island. The 
Druidical temples, however, in the neighboui'hood of Pen- 
ce, being of much ruder construction, and formed of un- 
tewn* stones, are considei-ed still more ancient than that of 
Stonehenge, and to have been erected by Druids who had 
migrated from Canaan before the Jewish temple was builtj 
and when the Jews had only tlieir tabernacle, the court of 
which, where the victims were slain, being, like our Druidi- 
cal temples, all open to the sky, and inclosed by pillars placed 
at distances of 5 cubits, oi- about 9 feet from each other, 
the object in each case being apparently to exclude all who 
were not especially engaged in the sacrifices, and at the same 
time to allow the people on the outside to behold what was 
transacting within ; for the Jews believe that the victims 
were slain in sight of all the congregation, and as the court 
.could not hold a tenth part of the congregation, it seems 
probable (Scripture being silent on the point) that the pillars 
from which the curtains (5 cubits in breadth) were sus- 
pended, were, like those of our Druidical temples, sufficiently 
low to allow the people to look over them. The circular 
.forms of the latter might be traced to the worship of the sun . 
It is also to be observed, that the Druidical priesthood re- 
sembled that of the Jews, in being confined to the descend- - 
ants of one man, as recorded in the quotation. 

The passage, after mentioning that the Hyperboreans 
-used "their own natural language," and had "of long and 
ancient time a special kindness for the Grecians," concludes 
with the following statement : — " They say, moreover, that 
Apollo once in nineteen years cornea into the island, in which 
space of time the stars perform their courses and return to 
the same point, and therefore the Greeks call the revolution 
of nineteen years the Great Year." 

This mythological reference to the cycle of nineteen years, 
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at the end of which the new and full moona happen ui 
Bame days of the year as they did at the beginning, is very 
remarkable, for by it Christians have always ascertained the 
days of their movable festivals, and the Greeks adopted it 
for the like purpose in 433 B.C., Meton having obtained tbe 
first prize at the Olympic games for its discovery. Now 
Meton may have derived it through Hecat^eus from Britain, 
as above-mentioned, and tbe British Druids may have had it 
from the Jews, whose year in the time of Moses consisted, 
like onr own, of 365 days, and whose great festival of the 
Passover was (like ours of Easter) regulated by the mooD^ 
It is, I imagine, to this cycle of nineteen years that the ni 
bei- 19, 80 prominent in our Druidical temples, refers. 



On the Constiiulion of the Atmoxphere. By M- Lbwt. 
Read to the French Academy of Sciences. 

The memoir which I have the honour to submit to thi 
Academy contains the results of a series of researches oi 
the constitution of the atmosphere, executed between Franca, 
and New Granada, and from the coast up to 3193 metrei 
above the level of the sea. 

The analyses were performed by the new process of M. S 
Regnault and Reiset, which consists, as is well known, i 
analysing the air by volumes. To measure the elastic forcei 
of the gas I employed an excellent cathetometer, construotei 
by M. Perraux. The process thus combined enables us t< 
obtain much greater precision than baa hitherto been reachei 
in this class of experiments. To judge of the degree of a& 
curacy attainable, it suffices to examine the numerical detail] 
of two analyses ; and it will be seen that tbe greatest differ 
ence between two analyses made with the same specimen c 
air never exceeded ^o.^Bsth, and most frequently was no 
more than ToT.oooth. 

The various specimens of air which I analysed were 
lected in bulb tubes with the two ends drawn out and open 
the capacity of these tubes was about 100 cub. centims. Thf 
air was collected in the following manner : one of the extre 
niities of the tube was connected by means of caoutchouc 
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tubing, with a little pair of bellows, which waa moved suffi- 
ciently long to be certain that the wliole of the air contained 
in the tube was replaced by the atmospheric air of the 
locality, taking the necessary precautions to avoid any mix- 
ture of the air of respiration ; as soon as the air was collected 
the tubes were sealed before the lamp. 

I have divided the analyses into three aeries : Ist, Ana- 
lysis of the atmospheric air of France ; 2d, Analysis of the 
atmospheric air of the Atlantic Ocean and CaiTibean Sea ; 
3d, Analysis of the air of New Granada. 

The comparison of the results obtained in this investiga- 
tion with previous ones shows that tlie constitution of the 
atmosphere is nearly the same in the New World and the 
Old World. Taking the mean of the analyses, executed in 
eleven different localities of New Granada, we find that 
10,000 vols, of normal atmospheric air contain 4-008 car- 
bonic acid, 2101 425 oxygen, and 7894557 azote, which are 
nearly the same proportions as those which have been found 
for norma! atmospheric air in various parts of Europe. 
However, on examining carefully all the experiments hitherto 
I made on the constitution of the atmosphere, it is readily seeti 
that the composition of the air is not absolutely constant. 
Perceptible differences exist, which vary with the meteoro- 
logical conditions; thus after a long rain the carbonic acid and 
oxygen are always in smaller pi'oportion than after a long 
drought; however, these differences are only appreciable when 
the analysis has been carried out with very great accuracy. 

In the New World, where the seasons are more defined 
in Europe, these variations are more easily detected. 
'During the hne season the normal air always contains a little 
more oxygen and a little more carbonic acid than in the 
Bcason of the rains. Thus taking the mean of a large num- 
ber of analyses, I found that 10,000 vols, of normal atmo- 
spheric air of Bogota contain : 



Carbonic acid, 3*822 

Oxygen, 2099-542 

Azote, 7896636 



4-573 

2102-195 
7893-232 



10,000-OOU Voluiii 



Tlie difference which exists between the atmospheric air of 
the two seaBOns is therefore on an average 0761 for the 
carbonic acid, and 2'653 for the oxygen in 10,000 vols, of I 



Taking the maximum and minimum of the results obtained 
in the analyses performed daring the two seasons, we have. 



Carbonic acid, 
Oxygen, 



6-043 
2103199 
7691-758 



Volumes, 10,000-000 Volumes, 10,000-000 

The greatest difference amounts consequently to 1-434 for 
the carbonic acid, and to 4-167 for the oxygen. These dif- 
ferences are nearly the same as those which I found between 
the atmospheric air of Paris and that of Havre, analysed 
under meteorological conditions corresponding to the twq 
seasons of South America. 

It follows that the composition of the air which we breatlU 
is the same in Eui-ope and in the New World as fai 
gards the oxygen and the azote, whether it be taken at thu 
level of the sea, or at an elevation of 3000 metres ; the onljij 
difference is the amount of carbonic acid, which appeal 
especially on the high mountains, to he somewhat greate 
than in the valleys, and on the sea-shore. 

With respect to the analyses of the air collected on thad 
ocean, they have yielded a very interesting result. 
day-time this air constantly contains a little more oxygen, 
and a little more carbonic acid, than during the niglit. This 
difference becomes more perceptible as we leave the coasts; 
and it is probably owing to the solar rays, which, heat^g 
the surface of the sea during the day, disengage a portion 
of the gases which the sea- water holds in solution, and which, 
as is well known, contains more oxygen and carbonic ocid^ 
than atmospheric air. 

Taking for term of comparison the specimens of atma< 
spheric air collected on the Atlantic, on the same day, ' 
the same wind, and at more than 400 leagues distant froi 
land, we find: — 




lO.OOO'OOO 



The difference is therefore 2'074 for the carbonic acid, and 
9-960 for the oxygen in 10,000 volumes of air. 

The analyses of the abnormal air of New Granada present 
ua with results not less intereating. From time to time, once 
or twice in the year, the atmosphere of New Granada con- 
tains an extraordinary proportion of carbonic acid, which 
coincides with an appreciable decrease of oxygen ; and, con- 
sequently, altera the constitution of the atmosphere in a very 
marked manner. 

The great number of volcanocB which exist in the New 
World, and the clearing of forests which are effected every 
year in this country, may cause these alteration.?. It is, in 
fact, during these clearances that the constitution of the at- 
mosphere esperiences the extraordinary changes which I have 
just mentioned. 

These clearings which are effected by vast conflagrations 
in the country laa qiiemaa, produce considerable quantities 
of carbonic acid, which, mixing with the atmosphere, alter its 
composition. The amount of carbonic acid which I found in 
this air, rose in some analyses to 49 in 10,000 volumes of air- 
It is consequently from 10 to 11 times greater than in the 
air in its normal condition. The diminution of oxygen 
amounted sometimes to 68'350 in 10,000 volumes of air ; in- 
stead of 2101-425 oxygen, I found only 2033075. This do- 
crease is therefore readily detected even by less sensitive 
methods than the one which I employed. 

On the other hand, the air of the table-land of Bogota 
sometimes presents an amount of carbonic acid far greater 
than the atmosphere of the Tierra caliente. This difference 
may he explained either by the existence of volcanoes, which 
are situated not far from Bogota, or by the more or less active 
influence of the solar light. It will be conceived, in fact, that 
in the Tierra caliente, where the temperature is very ele- 
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vated, the decomposition of the carbonic acid by the green | 
parts of the vegetables mast be effected in a far more rapid | 
manner than on the high table-land of Bogota, where the J 
temperature ia not higher than from 37" to 64" Fahr. 

It is perhaps allowable to suppose, on observing this enor- 
mous quantity of carbonic acid appear from time to time in 
the atmosphere of the New World, and considering the large 
number of volcanoes which exist in the country, that a por- 
tion of the carbonic acid of the air is due to them, and that 
they thus contribute in part to noiurish the vast and beau- 
tiful vegetation of the tropics. — Comptes Readus, Sept. 29, 
1851. 



M. B. Lewy's Expedition lo New Granada. 1. Geology i 
Mineralogy, especially the remarkaUe discovery of the Gat 
logical Position of the Emeralds of Muzo, 2. A'« 
and Plants of that Country. 

The accomplished naturalist and traveller M. B. Levry^ 
who left Europe in 1847 for the republic of New Granada;- 
on a natural history expedition, has returned to Europe with 
rich and important collections illustrative of the geology, 
mineralogy, botany, and zoology of that interesting |part of 
the New World. These collections have been deposited in 
the Museum of the Garden of Plants in Paris. The French 
Academy of Sciences appointed the following commissionera 
to report on the collections made in New Granada by Mr 
Lewy, viz., MM. Dumeril, Isidore Geofroy-Saint-Hilaire, Ad. 
Brongniart, Elie de Beaumont, Dufrenoy, Milne Edwards, 
Valenciennes. This report contains many important facieCj 
Bome of these we shall now mention. 

Geology and Mineralogy. 
The rocks and specimens of minerals deposited in tbtt' 
Museum of the Garden of Plants were collected by Mr Lewj 
in the valley of the Magdalena and the eastern Cordillera. 
The greater number of speeimena are from the north side 
of that chain, and others from the south side, on which ii 
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situate, at a height of 2661 metres, Santa F^ de Bogota. 
Mr Lewy explored the mountAinouB regions to the north 
of that city, in the direction of Velez, de Tiinja, de Muzo, 
ic. In ascending tlie coarse of the I'iver Magdalena, he exa- 
mined the alluvium of that rivei'- Among the hlocks rolled 
by the water of this river were masses of mica-slate, sienite, 
diorite, porphyry, sandstone, and varieties of hlack limestone- 
On the banks of the Magdalena, in other points of the valley. 
he observed a recent conglomerate, consolidated by a ferru- 
ginous base. 

The table-land of Bogota and the mountains which vary 
its surface are formed of a very thick calcareous deposit, 
composed of numerous beds of red and white sandstone and 
scLiat, and of carbiiretted black limestones. These rocks had 
already attracted the attention of several observers, as Hum- 
boldt and Boussingault. Moro lately the Baron Gross ob- 
served and described with care the white sandstones which, 
in great masses, form the picturesque and singular escarp- 
ments of the Pont di Pandi, and also those from which is 
precipitated the celebrated waterfall of Tequendama. 

The sandstones, whether red or white, contain no fossila, 
but such were found in several points in the beds of black 
limestone. 

M. Lewy visited the fossiliferous localities where MM. 
Boussingault and Degenpart had already made collections 
which enjoy a just celebrity, and of which the species have 
been described by MM. de Buch and d'Orbigny, He has 
added many new species to those collected by his predeces- 
sors. We may mention Crioceras Lewi/anug, Val. de Velez, 
one of tlie most beautiful which exists in any collection in 
Paris, and different species of Ammonites, d'Exogyres, of 
Trigonia, of Inocerama, &e. 

Viewed in a general way, these fossils seem to confirm the 
conclusions which Buch and d'Orbigny have arrived at, by 
the study of the collections of MM, Boussingault and Degen- 
part, viz., that the great sedimentary table-land of Bogota 
corresponds to the lower cretaceous deposits of Europe, and 
particulai'ly to that stage of those formations known under 
the name of Terrain Neocomitn. 

\1 
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Among H number of the more interesting obaerratioiiB 
Mr Lewy, which are illustrated by the specimena 
maseum, are those which refer to the celebrated emi 
mine of Maze. 

The repositories of the emeralds are situate in the middle 
<rf a formation of black carburetted limestone. They are 
accompanied with crystals of calcareons spar and of paricite. 
As Mr Lewy collected in the same limestone of Muzo, 
at a considerable depth, species of ammonite peculiar to 
Xeocomien series, he appears to have established the 
markable fact that the repository of the emeralds in Mi 
is situate in unaltered NeocomieH deposits. 

Examined in a mineralogical point of view, the specimt 
consist of, — 

1. Crystals of emerald and Paricite (carbonate of 
thauium), from the mine of Muzo ; 

2. Native gold, from the mines of Antioqnia ; 

3. Red silver and sulphuret of silver, from the mil 
Santa Anna; 

4. Fer oxydule, and iron pyrites, from Patcho ; 

5. Ores of copper, from JMoniquira ; 

6. Different specimens of black compact limestone; mai 
arc crystalline and exhibit the lamellar texture. 

The external characters of the last mentioned limestoni 
do not enable us to judge of the period of their geologicaJ 
formation. But one of the specimens which contained crys- 
tals of sulphur, bore a strong resemblance to the limestone 
of Saliez in the Pyrenees, and that of Conil in Spain ; 
both of which belong to the lower part of the cretaceous for- 
mations. The position of Palma from whence this limestone 
came, a little above Muzo, ia in accordance with the preseno^ 
of the crystals of sulphur, and which proves the identil 
of this crystalline limestone with the Neocomien series, 

M. Dufrenoy, in studying on the beautiful map of New 
Granada, by Colonel De Costa, the position of the different 
minerals collected by Mr Lewy, concludes that these mine- 
rals form two distinct groups of formation, viz., 1. The black 
limestone of Muzo, the crystalline limestone of Palma, the 
schists of Moniquira, the pyrites of Velez, belonging to the 
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vast limestone formation of the acclivities of the Corjilleras, 
and constituting the subrock of the valley of the Magdalena, 
are Neocomien. 2. The greater part of the metallic minerals, 
viz., the Galena of Ubate, the fer oxydule of Santa Rosa, the 
native gold and silver ore, appear to exist in a zone of the 
limeBtoae, which marks the separation of Muzo and the crys- 
talline rocks of the chain of the Cordilleras, 

Zoology. 
The collection of birds made at Santa Fc de Bogota is truly 
magnificent. It contains, at least, 285 species. The collec- 
tion of Humming-birds is extremely beautiful. In the class 
cf Reptiles there are many interesting specimens ; and among 
fhese there is a lai^e tortoise which forms a new species, 
named Podocnemis Lewyamts. Mr Lewy also brought from 
Magdalena two young Crocodiles of the species Crocodilua 
acutus, Cuv., which are thriving in the menagerie of the 
iGarden of Plants. 

Humboldt, in the Memoirs of the Institute for October 
1806, gave an account of two remarkable fishes from the 
river of Bogota. One of them, known in the country under 
.the name of Capitan, was distinguished by Cuvier as a new 
;enus, which Humboldt named Eremophilus. Of this animal 
I number of specimens presented by Mr Lewy to the mu- 
seum, will enable anatomists to give a detailed account of 
.the anatomy of this animal. The second species, from Bo- 
, is a small fish called Guapucha, about which much 
Uncertainty prevails ; this will now be removed by the exami- 
nation of many specimens presented to the museum by Mr 
Xewy. 

The river Magdalena affoi-ded many species of fishes, par- 
ticularly of the Siluridee. These are well represented in Mr 
Xewy's donation to the museum. 

The collection of Insects made by Mr Lewy contains many 
nteresting and important novelties : the collection of Shells 
iftnd their animals is very instructive. The collection of 
Fossils from the Neocomien rocks of the table-land of Bo- 
pta, is valuable in a palteontological point of view. 
Lastly, the collection of the Bones of Mastodons have 
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settled many dubious pointB in the natui-al history of the 
species of that tribe. 

Botany. 
The eoHectioDB of Vlants, and their seeds and fruits, made 
by Mr Lewy, and the live plants brought by him to Europe 
promise to be of great impoi-tance. We may notice, among the 
vegetables of New Granada whicli of late years have attracted 
particular attention, the Cedron, a, large tree growing in the 
warmer parts of the country. The grains of the Cedron con- 
tain an extremely bitter principle, which is employed with 
success as a very energetic febrifuge, and as an antidote 
against the bite of serpents. This plant appears to belong 
to the genuB Simaba (Simaba Cedron, Sec.)* 



* Wo find the following notice by M. B. eeemiDO, on the Slmabe Cedron, 
the Pbarmoceutical Journal for December 1851 :— " A treo, which has sttained 
gTBBt celebrity, ie tlutt callcil Cedroa (Simaba Cedron, Planch.} The moat ancient 
recordof it which I can find i» in the Siitory of the Bui:i:anttr4, an old yiar^ -pub- 
lished in London in the year 1698. lU use, ss an antidoto for snakes, and plac« 
of growth, are there distinctly stateiJ ; hut whother on the authority of the nativea, 
or accidentally diacoTered bj the pirates, does not appear. If the former was the 
case, they must have learned it while on some of their cruiies on the Magda- 
lena, for, in the iBthiDUS, the very Giistence of the tree was nnsuBpected un- 
til about 1645, when Don Juan dc Anaontigui SHcertuined, by coiuparieon, that 
the Cedron of Panama and Darion was identical with that of CarCbageua. tThe 
'irtuea of its seeds, however, were known years ago from fhose fruits imported 
from the Magdalena, where, according to Mr Wm. Furdie, the plant grows in pro- 
fusion about the village of Bon Pablo. In the Isthmus it is generally found on 
the outskirts of forests in almoat every part of the country, but in greater 
abondance in Darien and Veraguae than in Panama. The natives hold it in 
high esteem, and always carry a piece of the seed about H-ith them. When a 
person is bitten, a little uiiied with water is applied to the wound, and abont 
two grains scraped into brandy, or, in the absence of it. Into water, is admi- 
nUtered internally. By following this treatment, the bites of the moat veno- 
mous snakes, scorpions, ccntipeds, and other noxious animals, have been unat- 
tended with dangeroaa conaequencea. Doses of it have alao proved highly bene- 
ficial in cases of intermittent fever. The Cedron is a tree from twelve to 
aiiteen ftiet hi){)i ; its simple trunk is about six inches in diameter, and clothed 
on the tap with long pinnated leaves, which give it the appearance of a paliu. 

Bach seed, or cotyledon I should rather say, is sold in the chemist's shops in 
Panama for two or three reals (abont Is. or Is. 6d. English), and sometimes 
a much larger price is given for them. 
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Mr Lewy, during his residence at Bogota, niade many 
experiments with the grains of the Gedroo, and brought 
with him not only specimens of the wood, the leaves, and 
the fi'tiit of that ti-ee, but also a young live specimen, which 
is expected to thrive in our conservatories, and may be dis- 
tributed ft'om thence to our colonies. 

Lately, Mr Rayer has made a series of experiments with 
this bitter, which confirm the facts announced by Mr Lewy, 
as to the efficacy of the Cedron against intermittent fevers. 
We may add, tliat Mr Lewy did not neglect the study of 
Fossil Plants, as proved by the interesting collection of FoBsil 
Plants, which he deposited in the Museum. 



Of the Occurrence of the Remains of the Rein-deer in Scotland. 
By John Scoulbr, M.D., F.L.S. Communicated by the 
Author.* 

It is reraarkable, that although remains of the rein-deer 
have been found in the south of England, and that even so 
late as the time of Julius Caesar, this animal lived in the 
north of Germany, no authentic evidence of its former 
existence in Scotland has yet been recorded. The late inge- 
nious Dr Hibbert attempted to prove, that even down to the 
twelfth century wild rein-deer were found in Caithness, where 
they were bunted by the Norwegian chiefs. The quota- 
tions which he gives from the northern chronicles although 
plausible, will scarcely be esteemed conclusive, especially as 
no bones or horns of the rein-deer have hitherto been found 
in Caithness or Sutherland. t Tlie rarity of the remains of 
the rein-deer in Scotland, is probably more apparent than 
real, for the bones found in bogs and marl are but little 
attended to, unless remarkable for magnitude ; and frag- 
ments of horns will be referred to the red-deer, or fallow- 
deer, according to their form, whether round or palmated. 

The fragments which I have to notice were found several 

* Read before the Naturitl llistorj Society of Gluagow, Sd Decamber 1851. 
t nibberl, Edinburgh Journal of Scienco, vol. v., ]>. 60. 
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years ago (1833) in the alluvium of the Clyde, on the noi 
Bide of the river below its junction with the Kelvin. 
alluvial matter consiata chiefly of finely laminated sand, 
which aectiona are disclosed by the operationa now in pro- J 
greaa tor improving the navigation of the river. It was i 
the alluvial matter thus expoaed, that the remains were found J 
and but for the attention of Mr Smith, of Jordan Hill, would, 
have been thrown aside and forgotten, as has no doubt beea 
the fate of many equally interesting relics. The remaini 
consisted of a cranium of the extinct Os, Bos primigeniut, 1 
along with a number of fragments of deer's borna, moat of 
them BO imperfect, that it was diflncult to decide whether they 
should be referred to the red-deer or the rein-deer. The im- 
perfect fragments were smooth, and somewhat compressed, 
circumstances which afforded a presumption that they did 
not belong to the red-deer, but fortunately there was among 
them an antler, which removed all ambiguity. This frag- J 
ment was 3 inches in breadth and 10 in length, and cor^ 
responded precisely to the brow-antler of a fine head of the \ 
rein-deer, preserved in the Andersonian Museum. This por- 
tion was flat and smooth, as in the rein-deer, and terminated 
ill three distinct digitations precisely as in the recent speci- 
men in the Museum. 

It has already been stated that these fragments were foui 
in the river alluvium, associated with the cranium of th( 
Boa primigenius. Whether they were contemporary with 
man is an interesting question. lu Denmark such topici 
have excited much interest, and given rise to s 
curious investigations. In that country the remains of tbtffl 
rein-deer and the Bos Urus are found associated with fliii 
arrow heads, stone hatchets, charcoal, and other relicts ofl 
man, but no such direct evidence is to be obtained in thfti 
present case.* It is, however, certain that remains of human| 
art, of equal if not greater antiquity, are to be found in t 
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Bame alluvial deposits, as that in which the remains of the 
reindeer were found. In the year 1848, four canoes were 
found at Springfield, and all of them within a few yards of 
each other. These canoes were covered by a deposit of 
17 feet of finely laminated sand. In other cases canoes 
have been found in the same alluvium, but much farther in- 
land OP remote from the modern channel of the river, as at 
London Street, and under the site of St Enoch's Church, and 
in the two last quoted Instances the canoes are probably of 
greater antiquity than the remains we have described. 

Oh certain Nere Applications of Prisms. By the Rev. W. 
HODGSOH, Old Brathay, Arableaide. With a Plate. Com- 
municated by the Author. 

It has long been well known that when objects are viewed 
by means of pencils of light, which are refracted through an 
isosceles prism, and suffer an internal reflexion at the base, 
the objects are seen quite free from chromatic dispersion. 
Little attention however seems to have been paid to the fact 
that there is a position in which the pencils of light, after 
being thus refracted and reflected, may be maile to enter the 
eye along with other pencils proceeding directly from the 
object. The position referred to is that represented in figure 
I. If P Q and P E be contiguous rays of a parallel pencil 
proceeding from a distant object, one ray will follow the 
course PQK.se, while the other will pass directly from 
P to E. In this position the image and the object coincide 
exactly ; but if there is the slightest deviation from this 
position on either side, then the object and the image may 
be sei.n separately. 

The application of this principle to the measurement of 
angles is easy and obvious. For this purpose the prism 
merely requires mounting, with its axis perpendicular to a 
movable gi-aduated circle, which is capable of being adjusted 
at any required inclination to the horizon. 

The form of prism beat adapted for an instrument of this 
description seems to he one of which the principal section 
equilateral triangle. For as an observation can be 
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taken in the direction A C as well as in the direction C i 
(fig, 1), and as each face of the prism may be used in sucoes- 
sion, there are altogether six observations so arranged that 
their errors will correct each other. Figs. 2 and 3 are 
rough sketches copied from an inatrument fitted for observ- 
ing any horizontal angles and some altitudes. The table fiH 
supporting the prism and its frame consists of a stout squan 
hrasH plate, adjusted for parallelism to the horizon by tl 
two spirit levels A A, and by the three screws B B, 
which two only are shewn in the figures. The upper surfaa 
of the table of the instrument is graduated ; and the franu 
which contains the prism is clamped by a screw to tly 
movable circle which carries the veniiers. With thi 
aiTangement the horizontal angle between two objects i 
readily found. It is not material that the objects should b 
neoj-ly at the same height above the horizon ; for the onlS 
effect of viewing an object obliquely, instead of direct^ 
through the prism, is a very slight displacement in a verticfj 
plane, which does not intei'fere with the horizontal angle. 

In fig. 3 the back of the same instmment is shewn in a 
state adapted for finding the time, &c., by the method of 
equal altitudes. On the face of the movable circle already - 
referred to, there are two small holes to receive the pointfl 
G G, by which the axis of the prism is kept parallel to t 
plane of the table. The screw C C which passes through t 
nut D, gives the power of raising or depressing that face (j 
the prism through which the observation is being taken. Tbj 
nut D is movable upon its axis, and the point F of tlrf 
screw C C, may be inserted successively into the several holei 
which are prepared for it. By this means any required num 
ber of altitudes may be taken, and as these can be all repeats 
in the reverse order, these will be the pairs of obserratioi 
which are necessary. 

If the actual altitude in any case is desired instead of tha 
mere fact of there being pairs of equal altitudes, this may b 
obtained by a slight modification of the Instrument. Letthft 
nut D be rigidly fixed so that the axis of the screw C shall 
be perpendicular to the face of the prism used in taking the 
observation. Then the tangent of the altitude to the constant 
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radius G F is given by the variable portion D F of the screw 
below the nut D. 

If the table of the instvument (fig. 2) be permanently fixed 
in a position parallel to the plane of the equator, and if the 
degree and minute on the graduated circle, correspondent 
with each face of the prism coinciding with the meridian be 
observed and registered, the true time may be found within 
a second or two at any period during the day when the sun 
ia visible, or during the night from observations of known 
stars of the first, second, or even thii-d magnitude. 

If the instrument be placed with its table horizontal, the 
observations would give azimuths instead of hour angles. 
Or, suppressing the graduated circle, and fixing the prism 
with one of its faues parallel to the meridian, and its axis 
perpendicular either to the horizon or to the equator, there 
will be six known directions in which the transits of the 
heavenly bodies may be accurately determined. 

The rectangular isosceles prism is capable of being em- 
ployed in this instrument ; and in the course of investigating 
its advantages, some' uses of a prism of that form were sug- 
gested which appear hitherto to have passed unnoticed- 

In Coddington's Refiexion and Refi-action, and possibly in 
some earlier optical works, it is stated that a feeble but very 
distinct second internal reflexion may take place in a trian- 
gular prism, when one angle is a right angle, and the other 
two eaeh half a right angle. It is not, however, stated that 
the feebleness of this image may be remedied by silvering 
the base of the prism. If this plan be adopted, the rectan- 
gular prism becomes at once a camera lueida. Fig. 4 shews 
the course of the ray in this case, and it is obvious from 
fig. 5 that there is another, though for some purposes less 
convenient direction in which the prism will serve the pur- 
pose of the camera lueida. There is also this advantage in 
the rectangular prism, tliat if it is desired to take a reversed 
copy of the object, this is given by the single internal re- 
flexion, and either may be taken at pleasure. 

In this, and in Dr Wollaston's camera, the incident and 
the emergent rays are accurately perpendicular to eaeh other, 
and it ia somewhat strange that a little instrument termed 



140 Rev, W. Hodgson on New Applicatiom of Prixms. 

an optical square should Lave been introduced, when the pur- 
pose for which it was constructed is answered either by the 
camera lucida or by the rectangular prism. 

There remains still one other application of the rectangular 
prism, which is too important to be overlooked. If a prism 
of this form be placed over the eye-piece of a compound mi- 
croscope, or of an astronomical telescope,* so that its axis is 
inclined to that of the microscope or teleacope at an angle of 
46°, the rays, after suffering two internal reflexions, will 
emerge without chromatic dispersion, and in such a manner 
as to do away entirely with the inversion produced by those 
instruments. There ia, however, a great loss of light, in 
consequence of the obliquity at which the rays enter the 
prism. "With a view to remedy this defect, various plans 
were tried. Two equilateral prisms cemented together, with 
their axes perpendicular to each other, were found to erect 
the image without loss of light, and to allow of its being 
seen as if projected on a screen placed to receive it : but 
there was a deviation to the right or to the left, which was 
unsatisfactory. The regular tetrahedron also was tried, and 
after trial rejected for a similar reason. At length the solid 
represented in fig. 6 was adopted, and found to answer com- 
pletely. The rays are incident upon the first surface per- 
pendicularly, the internal reflexions are both total, the solid 
is of a form which admits of easy adaptation to the eye- 
pieces, the movements of the image correspond exactly with 
those of the object, and the image may be traced upon a 
screen placed behind it, as readily as with the camera lucida. 
The lower surface might, if necessary, be ground into the 
form of a lens, but this, on other accounts, is inconvenient. 
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Geological Notea. By Professor SiLLIMAN, Junr. 
Professor Silliman, junr., durirg hU late visit to Europe, ex- 
amined many interesting geological localities, of which he 
gives short notices in his Journal. Some of these we now 
lay before our readers. 

1, Grotto del Cane and Lake Agnano. 

The Grotto del Cane, or dog grotto, has heen so much 
cited for its stratum of carbonic acid gas covering the floor, 
that all geological travellers who visit Naples feel an interest 
in seeing it. Unfortunately, like some other grottos, its en- 
chantment disajipears on a. near view. It is a little hole dug 
artificially into the foot of a hill facing Lake Agnano. The 
aperture is closed by a door, and the space within is barely 
sufficient for one person to stand erect. Into this narrow 
cell a poor little dog is very unwillingly dragged and placed 
in a depression of the floor, where he is soon -narcotized by 
the carbonic acid, The earth is warm to the hand, and the 
volume of gas given out is very constant. 

Lake Agnano, as is well known, fills the bottom of an an- 
cient crater whose walls are still to he distinctly traced. On 
the shore of the lake immediately opposite the Grotto del 
Cane, there is a constant and copious discharge of carbonic 
acid, and the water of the lake at that part is in great agi- 
tation from its escape. Nor is other evidence wanting of the 
present operation of the ancient causes which have charac- 
terised this region. At the foot of the hill, on the east, are 
numerous vents of steam and sulphur. Over some of these va- 
pour baths (Sudatoria) have been established, which are held 
in some repute in cases of rheumatism. Digging a short dis- 
tance into the hill, near the ruins ofthe villa of Lucullus, it is 
easy to perceive the presence of volcanic energy in the hot 
vapours, accompanied with sulphiu-, which issue copiously 
from the surface. Tiie villa of Lucullus was entirely buried 
in lapilli and volcanic ashes, proceeding, as is supposed, 
from a vent in the immediate neighbourhood ; but from 
which vent does not appear — evidently not from the one 
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now containing Lake Agnano, since that has not been active 
in the historic period. 

In another cavity excavated in the hill, near to the Grotto 
del Cane, is an abundant flow of carbonic acid, accompaaied, 
as is said, by ammonia ; but we did not perceive any odour 
of this gas, noT any deposit of carbonate of animonia or of 
sal ammoniac on the walls of the place. 

2. Sulphur Lake of the Campagna, ttear Tivoli. 

The celehrated sulphur lakeof theCampagna, near Tivoli, 
the Aqute Albulie of the ancients, still retains its interest to 
the geologist, as the moat remarkable of all the thermal 
sources of Italy. "Whether we regard the constancy of the 
flow from it, both of water and of gas, the area of tbe lake, ot 
the important part which it and similar craters appear to 
have played in the formation of tbe travertine of the Cam- 
pagna — we must admit that it is worthy of attentive consi- 
deration. 

In the days of Father Kircher, this lake was described as 
being over one mile in circuit. Now, the lake is not ovoi 
500 or 600 feet in diameter, and its area is constantly dimi- 
nishing. The baths of Agrippa, which are now at a short 
distance from the shore, shew tbe extent to which this con- 
traction has taken place in that dii'ection, since they were 
erected in the waters of tbo lake, which were much esteemed 
by the ancient Romans for their hygienic eflfects. These 
haths were frequented by Augustus, and enlarged by Zeno- 
bia ; the latter spent her Homan servitude in Tivoli ; and in 
allusion to this, they are still called " Bagni della Regina. 
At present, the waters are conducted fi-om tliis lake by a 
canal artificially cut in the travertine by Cardinal Ippolito 
d'Este, former Governor of TivoH, for a distance of two 
miles. This canal is nine fqpt wide and four feet deep, and 
there is a constant discharge of the surplus waters through 
it in a very rapid current, the volume of which is remarkable 
when we notice the small size of tlie source. 

The strong of'our of sulphuretted hydrogen annouDcea the 
existence of lake a long time before the traveller reaches 
it. The w ^as examined by Sir Humphrey Davy, win 

.r ^ 
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found it to contain one volume of carbonic acid, and less tlian 
a. half volume of sulphuretted hydrogen. Tracing the canal 
from where it escapes, the " Via Appia Nova," up to the 
lake, a mile and a quarter, the obBerver is much struck with 
the copious escape of large volumes of gas from the whole 
surface of the lake, which is such as to convey the idea of 
ebullition. A stone cast into the water is soon followed by 
a very violent escape of gas, causing the whole adjoining 
area to boil with great energy, and a loud sound of efferves- 
cence. The water is very clear, a slight milky, or opaline 
appearance it has, being due, as we thought, to the reflection 
of the white sides and bottom of the lake. Its temperature 
is 80° F., and it has, when drunk from a glass, an agreeable 
pungent taste of free carbonic acid, with no more of sulphu- 
retted hydrogen than is pleasant- It is perfectly clear in the 
glass, ajid efl^ervesces briskly. The escape of the gas does 
not appear to be confined to any particular part of the bed of 
the lake, but takes place equally over all its surface. The 
grass and reeds which grow luxuriantly at its margin, are 
constantly encrusted with carbonate of lime from the water, 
and it is Irom this eauae that the area of the lake appears to 
have been contracted, and not from any partial drainage, 
which is evidently inexplicable, since the level of the lake is 
now only a few inches below that of the adjoining and level 
Campagna. Breaking off a mass aad clods from the shore, it 
was found that the I'oots of ihe plants were also encased ; 
while the stone 'walls of the fields adjoining were wholly 
composed of loose blocks of travertine, made up entirely of 
casts of the stems of growing grapes and aquatic plants. 
It required but casual observation of the travertine in other 
and distant parts of the Campagna, to detect the same species 
of plants imbedded in every pai-t of its mass. Blocks of 
travertine in the Colosseum at Hjjme and other ancient build- 
ings, also shewed us the same evidence. A large space on 
the Campagna, near the sulphur lakes, lately fell in, owing 
to thg cavernous and unsupported nature of the rock ; and it 
was easy to see, in the freshly fractured portions of the rock, 
the same stems of aquatic plants, such as now grow on the 
margin of the water. 



Pfetes. 

It is perhaps too much to infer from tliese casual observiK 
tioHB 80 wide a deduction as that all tlie travertine ia diu 
to this origin from sulphur waters charged with bicarbonate 
of lime ; but it is not going further tha.u ia allowed by f 
prudent philosophy, to say that travertine is now forming oitl 
the Bhores of Lake Solfaterra from this cause. 



t Condition of Vesuvius. 
The eruption of Vesuvius in February 1850, and that c 
the year previous, entirely changed the summit features c 
this ancient mountain of fire. The former crater disappeai 
being filled with scoria and ashes, while two craters now 
occupy the summit of the cone. The deepest and moat activctj 
of these is that of February 1850, which ia situate on thai 
side of the cone nearest to Pompeii. It ia somewhat lowerJ^ 
and has a much greater depth than its immediate neiglibourj 
which is on the side of the bay of Naples. We had no meanafl 
of measuring its depth accurately, but judging from the timft f 
required for the returning sound of a stone cast into itftl 
mouth, as well as from inspection and comparison, we as- 
sumed the depth of the new crater to be from 800 to lOOt 
feet. It is acutely funnel-shaped at an angle of not less tbaa] 
60°. It is impossible, because of the stream and vapour of ■ 
BulphuTOus acid, to see its bottom, even if not prevented by J 
the danger of the descent to a position where one might 1 
hope to catch a glimpse of its bottom. Its activity at present 
is confined to the emission of vapour, and even this s 
times, when viewed from the sea, to be wanting. On the 
summit, however, these vapours appear dense enough, and J 
are sutBcient to prevent the possibility of making the entire! 
circuit of the crater. From this cause we were unable to 
examine the Up dividing the crater of 1850 from its neigh- 
bour. The observer is much struck, not only with the change 
of form in the summit, as shewn by the drawings of Pro- j 
feasor Scacchi, but also with the sharpness of the lip of botIt[l 
craters, which is such that it is hardly possible for.niore4 
than two persons to stand abreast upon it- Eiu-ing the late 
eruption, the lava found vent from the base of the cone on a 
level with the sand plain which fills the ancient crater of 
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Somma. It here poured out a ton-ent of scoriaceous red 
lava through a well-defined canal. This is now entirely cold, 
and we collected from its sides abundant specimens of aphthi- 
talite, which frosted overtlie rugged cavern like snow. Near 
thiq spot also are two fumeroles formed during the last erup- 
tion; the largest about 25 feet high, with an aperture of 
near ten feet, its outer walls black, nigged, and forbidding. 
The flow of lava from the eruption of 1849 was in the direc- 
tion of the ancient Pompeii, and it was copious enough to de- 
stroy a small village with its vineyards, at the distance of 
several miles. The king of Naples has since erected a new 
village for the unfortunate inhabitants near the site of the 
former one. 

During the past six years the king of Naples has also 
constructed a carriage road up the aide of Vesuvius as far as 
the Hennitage, where he has a Royal Meteorological Obser- 
vatory, under the direction of the celebrated Melloni. This 
road follows in a very serpentine path over and around the 
hill of ashes, which all who have seen Vesuvius will remem- 
ber as forming a remarkable feature in its topography. In 
this manner, sections have been opened in the lull for a dis- 
tance of three or four miles, and were these viewed without 
reference to the immediate proximity of the volcano which 
has produced the deposit, it would be easy to refer the whole 
to an alluvial origin, so characteristic are the undulating 
lines of deposition, the alternation of coarse and fine mate- 
rials interstratiiied, including now large angular masses of 
rock, and again graduating into the finest silt and mud. In 
some places the lines of deposition are curved in regular un- 
dulations, and in others they meet at a sharp unconformable 
angle. Close observation alone detects that the whole ma- 



s volcf 



—pumice, scoria, 



sand, and finednst, includ- 



ing large blocks of inflated lava and tufa. 

It is impossible to see any difference in the general cha- 
\ racter of these deposits and of those which cover Pompeii, 
} only that the latter being mostly the result of one eruption 
I are less varied than the former, and more regularly stratified. 
fcin both, the evidence of the aqueous action is very obvious ; 
■and we have historical as well ah geological evideivcft o? "Oftft 
VOL. LJI. wo. cm. — JANUAKY 1852. V. 
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eruption of vast volumes of aqueous vapour with the lapilli, ' 
scoria, and fine ashes from Vesuvius, which, condensing into 
rain, produced a deluge of hot mud, filling the most intricate 
recesses of the Pompeian houses, and producing the appear- 
ance of an aijueoua deposit in the ash hills of the flanks of 
Vesuvius. In Herculaneuni we see the same phenomena in 
a more remarkable manner. Here, owing to a much longer 
accumulation of material — to subsequent overflows of lava, 
and the superincumbent weight thus produced, with the aid 
of water, the ashes were consolidated into so compact a mass 
that some writers have even doubted whether Herculaneum 
had not been destroyed by an ovei-flow of lava in the fij;at in- 
stance. That such was not the fact is well known, ana"iAhe 
condition of the antiquities imbedded there quite forbid theV. 
idea, were no other evidence attainable. 

4. Meteorological Observatory of Mount Vesuvius. ^M 

The Meteorological Observatory recently erected at SfouB^f 
Vesuvius, was projected by Professor Me! Ion i, so wellknowii 
to all the world by his memorable researches on heat, and 
the most distinguished of all the Italian physicists. The 
King ofNaples gave the enterprise his sanction, and furnished 
the means to construct the building. The house is of ample 
dimensions, standing on an artificial terrace at the summit 
of the hill of ashes, which forms the limit of the arable region 
of Vesuvius, and at an elevation of about 2000 feet. ThePl 
centre has three floors above the basement, and the two wings^ J 
each one floor above the basement ; in the rear, and joininjQ^ 
the main building, is a round tower, and the roofs are conve* 
niently arranged for meteorological purposes. All the plaonl 
were fumiahed by Professor Melloni, who also superintended:! 
its erection, which, by an inscription on the exterior, appeam m 
to have been begun in 1841. 

Unfortunately for science, the revolution of 1848 entirely J 
arrested the farther progress of the undertaking ; the houso J 
stands vacant, no instruments are provided, and, worst of all,i J 
Professor Melloni has been removed, not only from his direc'" ' 
tion in the Observatory, but also from his Professorship in thai 
CTniversity, under the caprice o? a dea'got who knows no law I 
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^ut his own will, and wbo has shewn in this act that ]ie was 
mworthy of bo noble a subject. 

5. Fish of Mont Bolca. 
At Padua we found the most complete collection of the fossil 
of Mont Bolca, probably in the world ; over 500 speci- 
.ena, generally presenting both sides, some of them five or 

!ix feet long, and all remarkably perfect. "We visited this 
elebrated locality last Friday. It is in a very wild and 
IKjinantio region, surrounded by lofty mountains. Mont 
Eolca itself is 2000 feet high ; and to the north and east the 
iTyrolese Alps rise abruptly, leaving a profound and steep 
fcalley between them and the base of Bolca. Columnar basalt 
^ jia regular forms crowns the summit, and intrudes between 
Bp the vertical hah-beds. 

■ 6. Minercdogieal Notes. 

P Sacacchite is a silicate of lime and alumina, containing 
fluorine, and occurs in square prisms highly modified. 

Leucite occurs at Vesuvius in the older ejected blocks, as 
well as the most recent lavas, and it is observed in some 
instances undergoing a change to Ryaeolite, while still re- 
taining the external form of leucite, and sometimes cavities 
of ryaeolite crystals are formed in the leucite. 

Zircon occurs at Vesuvius in beautiful white and blue oc- 
tahedrons in the old ryaeolite gangue. Fluor spar occurs in 
octahedrons with hornblende in the older lavas. 

Forgterite is identical with anorthite. 

Davyne is regarded by Professor Sacacchi as a variety of 

Nepheline. The six-sided prisms are striated longitudi- 
nally, and are modified by a plane on the terminal edges, 
and another on the lateral ; it occurs in a compact pyr- 
oxenite gangue, while the nepheline occurs in a gangue of 
ryaeolite. 

Arragonite is formed in an old mine at Monte Vasa from 
day to day, at a temperature below that of boiling water. 

BuratUe comes from Oampiglia in the Maremma Pisena 
in Tuscany, and not from Volterra. 

k2 
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Tourmalines of Elba. In the Grand Duke'a collectioli^ 
Florence there is a Bpecimen 11 inches square, with four 
orect green tourmalines and one prostrate, 2, 4, and 2i inches 
long, and I to 1 inch thick. They are associated with ortho- 
clase and crystallized quartz. The pink tonrmalines of Elba 
have always the basal plane OR, while the green prisms are 
terminated with rhombohedral planes. 

Analcitne? A singular analcioie-like mineral occurs at 
Monte Catini, in which the soda replaees the magnesia, ac- 
cording to Professor Moneghini of Florence, who obtained 
for its composition — 



Al 



Mg 



Na 



K 



I 



[This result give the oxygen ratio for the protoxids, pev- 
oxiJs, silica, and water 1:2:6: IJ.] ^_ 



Obgervaliona on the Zodiacal-Jjigkt ; with an Inquiry into tU 
Nature and Conslilution, and its Relations to the Snlar 
Si/slem. By Denison Olmsted, Professor of Natural 
Philosophy and A.stronomy in Yale College.* With a 
Plate. Read before the American Association for the Ad- 

. vancement of Science, at the Annual Meeting at Albany. 
August 1851. 

1 submit to the Association a series of observations on the 
Zodiacal Light, made by me at Yale College from 1833 to 
1839, upon the basis of which I propose to offer a new descrip- 
tion of this mysterious phenomenon, and a brief inquiry into its 
nature and constitution, and ita relation to the solar system 
Particularly, I propose to inquire whether or not it is tlie 
origin of the meteoric showers of November and August. 

Various circumstances conspire to interrupt the continuity 
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elusion ( 
Ijilitj' tbat the zodiacal I 

I was reluctant, however, to insist on such a connection, be- 
cause the existence of the nebulous body was inferred fi*om 
evidence wholly independent of the zodiacal light, and even 
before the zodiacal light was thought of. In fact, at that 
time, I had very vague ideas respecting this light, as some- 
hing that appears in the west after twilight about the time 
pf tbe vernal equinox ; but I did not even know that it was 
ever visible at the period of the year when the November 
meteors occurred ; for, at that time, I had never read either 
Jie observations of Cassini on this body, or the treatise of . 
JMairan on the Aurora Borealis, where so much is ascribed 
) its agency in the production of this latter phenomenon. 
Nearly twenty years have since elapsed, and I have had suf- 
ficient opportunity to observe the zodiacal light, and to re- 
flect on the question of its possible connection with the mete- 
oric showers of November and August. The result ia, an 
increasing conviction of such a connection. I may here re- 
mark, that the first idea of such an origin of the November 
meteors is now generally ascribed by European writers to 
M. Biot. It may be proper, however, to state, that the 
paper in which M. Biot first mentions the subject, is an 
essay read before the French Academy, soon after the mete- 
c shower of November 1836, three yeai's after my paper 
B published. M. Biot does, indeed, favour the idea that 
these showers of meteors have their origin in the zodiacal 
light ; but in noticing the views which I had published re- 
Bpecting the cause of the meteoric shower, which he did me 
tiie honour to review at some length, and in a manner very 
encouraging to myself, he distinctly stated that I had in my 
paper suggested the idea that the zodiacal light might pos- 
sibly be the very nebulous body in question. 

I am aware that the opinions I have formed difi^er widely 
from those entertained by many members of this Association, 
whose eminent talents and great success in the investigation 
of trutli entitle them to the highest deference ; but, should 
I fail of convincing them of the correctness of my views, I 
still indulge the hope that I may secure increased attention 
VOL. hll. so. cm. — JANUAIfY 1852. u 
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to a natural phenomenon, which appears to me to have im- 
portant relations to our solai" nystem, as well as to several 
of the most sublime and mysterious pbenumena of nature. 

In the paper which I published in the American Journal 
of Science in the year 1834, on the cause of the great 
meteoric shower of November 13, 1833, I inferred the 
existence, in the planetary spaces, of a nebulous body re- 
volving aJ^iund the sun, the extreme portions of which, on 
the 13tli of November, lay over or across the earth's orbit, 
in such a manner that the earth parsed through it, or at 
least near enough to it to attract portions of it into its 
atmosphere, where they took fire and exhibited the pheno- 
mena of shooting stars. As the leading steps by which I 
arrived at this conclusion, after an extensive induction of 
facts, were very brief and simple, I may be permitted to 
repeat them here. I argued thus : If all the meteors which 
fell on this occasion (which were in vast numbers, and some 
of them proved to be bodies of comparatively large size), had 
been restored to their original position in space, they would of 
themselves have composed a nebulous body of considerable 
extent. But since the same shower had been several times 
repeated without any apparent exhaustion of the nebulous 
body, it was inferred that only small portions of that body 
came down to us, such as constituted its estrenie parts 
which approximated nearest to the earth ; and various 
reasons induced the belief that the nebulous body itself was 
one of very great extent. It was a striking fact that the 
earth had, during several preceding ycai-s, fallen in with this 
body at exactly the same part of its orbit. Now, since it is 
impossible to suppose that a body thus situated, and conse- 
quently subject to the sun's attraction, could have remained 
at rest in that part of the earth's orbit while the earth was 
making its revolution around the sun, the conclusion was 
that the nebulous body itself has a revolution around the 
sun, and a period of its own. Since the earth and the body 
met for several successive years at the same point of the 
ecliptic, that period must obviously be either a year or 
less than a year. It could not be more than a year, for, 
in that case, the body would not have completed its re- 
volution so as to meet tlie envUi at the aame \ioint for 



Biiccessive years. Its period might be a year, and it might 
be less than a year, provided the time was some aliquot 
part of a year, bo as to make it revolve juat twice or three 
timea, &c., while the earth revolves once. The time being 
given we easily find the major axis of the orbit by Kepler's 
third law. On trying so short a period as one-third of a year, 
it gives a major axis too abort to reach from the sun to the 
eaiTth, and hence it was inferred that the body could not 
lave BO short a period as four months, since it would never 
in that case reach the earth's orbit, even at ita aphelion. A 
jieriod of six months tvas found to be sufficient, and this 
"was accordingly assumed at first to bo the time, although 
■the possibility that the period might be a year was distinctly 
admitted. But, extensive as I even then believed the 
nebulous body to be, I had formed very inadequate notions 
of its real extent, for this may clearly be sufficient to reach 
from tlie sun to the earth, and thus to coiTespond in dimen- 
sioua to the zodiacal light ; and since the centre of gravity of 
"this body may be far within the earth's orbit, so its orbit 
may, even at its aphelion, be distant from the earth, and 
yet the extreme portions of the body may reach beyond the 
ecliptic. It would, therefore, be entirely consistent with 
my original views, to assign to a nebulous body of such an 
extent as that of the zodiacal light, a period as short as one- 
third of a year or even less. 

I do not assert positively that the zodiacal light is the veri- 
table body which produces the meteoric showers of November 
and August. Before such an hypothesis can be proved to he 
true or false, with certainty, a greater number of precise 
ohservationa, continued through a sories of years, would re- 
quire to be made, and a careful comparison instituted between 
tie hypothesis and the facts. Should the zodiacal light be 
found at last incompetent to explain the periodical meteors, 
the existence of a nehuloua body, aa inferred from a full 
survey of the facts in the case of the meteoric shower of 
November 13, 1833, independently of all hypothesis, will still 
be true. But, with great deference, I submit to the Asso- 
ciation the following presumptions in favour of the opinion 
tliat the zodiacal light ia the nehnlous body which produces 
the meteoric showers of November. 
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1. Tlie zodiacal light, aa we have found in our inqniry H 

its nature and conn tit' it ion, is a tie/iulou* bodi/. 

2. It has a revolution around the sun. 

3. It reaches beyond and lie* over the earth's orlit at \ 
time of the November meteors, and makes but a small angle 
with the ecliptic. 

4. Like the " nebulous body," its periodic time is commen- 
iiirable v/Mh that of the earth, so as to perform a certain whole 
number of revolutions while the earth performs one, and thus 
to complete the eycle in one year, at the end of which the 
zodiacal light and the earth return to the same relative po- 
sition in space. This necessarily follows from the fact, that 
at the same season of the year it occupiea the same position 
one year with another, and the same now as when Cassini 
made his obscrvatinna neai'lv 170 years ago.* 

5. In the meteoric showers of November, the meteors are 
actually seen to come from the extreme portions of the I'odiacal 
light, or rather a little beyond the visible portions ; and the 
same was true of the radiant point of the meteors (when 
watched as it was by Mr Fitch, f from October 16 to Novem- 
ber 13, 1837), namely, that the radiant always keeps the same 
relative position with respect to the vertex of the zodiacal 
light, being with that vertex in Gemini, in the month of Oc- 
tober, and travelling along with it through the constellation 
Cancer, and into Leo, wbere it was on the morning of the 
meteoric shower. Observations, so far as they have been 
made, indicate a similar relation between the meteors of 
August and the extreme portions of the zodiacal light. 

These five propositions I offer as so many facts established 
by observation. Most of them appear in the original paper 
of Cassini on the zodiacal light ; others may be seen in the 
tabular collection by Houzeau of all the known observations 
made at different periods ; a few, not noted by others, have 
been added by myself. For the inferences here made tt^ 
specting the connection of this body with the periodical n 
teora, I alone am responsible. 

* Fill' tliE first BUggBBtion of this nnalogj, I am indableJ to 
[jupili!, Mr Hubert Newton. 

\iner. Jour. SiH., xxiili., 38G. 



Cancemmg (he Successive Appearance and Dmippearance of 
Great Glaciers upon the present surface of the Terrestrial 
Globe. Extract of a Letter from M. A. DE LA RlVK to 
M. Arago. 



The eomniunicutions which M. Constant Prevost has pi-e- 
Bented to the Aeademie des Sciences, upon the appearance, the 
diminution, and the disappearance, of glaciers, have recalled to 
my recollection that, in the year 1845, 1 ventured to expi-ess 
an opinion on the subject, which, to a great extent, corres- 
ponds with that of M, Prevost. The occasion was presented 
in the course of the discussion elicited by the reseai-ches of 
M. .Agassiz, concerning the origin of boulders, which the 
learned geologist communicated to the Helvetic Society of 
Natural History, during its meeting at Geneva. The notice 
of M. Prevost has afresh excited ray attention to this question 
of glaciers, and I flatter myself that 1 have succeeded in elu- 
cidating it in a satisfactory manner, so perfecting those ideas 
which I had only orally announced in 1845. The following 
is a sketch of them :— 

Along with M. Prevost, I do not think it at all necessary to 
inquire elsewhere than in present existing causes for the 
explanation of the successive appearance and disappearance 
of great glaciers upon the existing surface of our globe, I 
am satisfied with stai-ting from a fact wliich is not only in 
harmony with the best established theoiies of physical science, 
but which, moreover, is confirmed by direct observations, and 
which may be thusexpreased, — That in mountainous countries 
especially, humidity is accompanied, at all times, by a very 
decided diminution of tempcratui-e. To which is to be added, 
that when the emersion of the European soil was effected, 
the strata of the most recent formation, still anterior however 
to the appearance of the glaciers, must needs have been im- 
jii-egnated with a considerable quantity of water, since pre- 
viously they had always been submerged. Great evapora- 
tion then would necessarily he the consequence, whence would 
result vast downpours of rain, and consequently a consider- 
able fall of temperature. These two causes united, — qu tt\.fc 
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one iiand, producmg a greater quantity of water than now 
actually falls in the form of snow upon tbe high mountains, 
and on the other, a smaller quantity than at present of the 
snow molting by the action of the solar and the terrestrial 
heat, — would necessarily produce ao amount of ice more con- 
siderable than that which constitutes our existing glaciers, and 
consequently would enormously augment their actual extent. 
Moreover, direct experiment lias convinced me that tbe 
cold produced by evaporation is more intense where the water, 
which is undergoing the process instead of forming a surface 
perfectly liquid and uniform, is commixed with substances 
which it holds in suspension, or between whose particles 
it is lodged ;• a ptieuomenon which is produced by many 
causes, and which has relation to the influence which the 
presence of certain substances in the water esercises upon 
the temperature of its ebullition, — its boiling point, — and in 
diminishing cohesion. Hence it results that the cold pro- 
ceeding from the evaporation effected upon the surface of 
uprisen humid deposits, was much greater than that which 
the same evaporation produced when the water entirely 
covered the surface. 

I may now direct attention to a particular observation 
which substantiates what I have said above concerning the 
influence which prolonged humidity, and the cold thereby re^ 
suiting, exercises upon the extent of glaciers. In the year 
1815, Professor Pictet ascertained, by precise measurement, 
the horizontal distance of some of the prominent points of 
the base of the glacier of the Bosson de Chamotmi from cer- 
tain other fixed points, which wei-e marked by enormous 
blocks of granite forced into the soil of the lower ground, to- 
wards whitih the glacier seemed to be advancing. At the close 
of the year 1816, the glacier had advanced in all direction 
and in particular not less than 60 feet towards one of the 
marks ; and, at the close of the year 1817, all the marks had 
disappeared under the glacier. Another glacier, that dea 



* Tha cold proiluced bj the aharaiai CBnoot ba Bccountad for, solely ftom- 
Ihi) gii'ater iurfnoe preaented to tbe water wbich is evaporated. There la 
phenoniFDon n naiise annlogouii to that nbiob makes molet Band rafriganlB 
ninrp under the process of cvsporation thm pure nntep. 
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Vot'g, bad risen laterally against a neighbouriDg mountain, 
designated the Chapeaa, which it enclosed on its northern 
aspect, threatening to make macceBstble a spot which ia often 
visited hy the curious traveller who visits Chamouni. During 
the spring of the year 1818, although the winter had been 
much more mild than severe, the glaciers had not ceased to 
advance, especially at their lower portions, in a way which 
alarmed the occupiers of the nearest dwellings ; and this 
phenomenon occurred also at the glaciers both of the Tyrol 
and at those of Chamouni. Far, however, from continuing 
their progressive advance, in the following year, all these 
glaciers, after having undergone a process of arrest, actually 
retrograded to an extent which could not he mistaken, and 
resumed their ordinary dimensions, at all points; as prolonged 
observation teaches us to expect. The extension and the suc- 
ceeding retreat depended upon this, — that the years 1816 and 
1817, after having been extraordinary years, in respect of 
the enormous quantity of rain and snow which fell, had been 
followed by seasutis wliich were rather dry than wet, or which, 
at least, were below the average, as to the quantity of rain. 
And, if the occurrence of two consecutive years more humid 
than ordinary sufficed to produce such a vast increase of the 
existing glaciers, it is not difficult to comprehend, that if a 
certain number of similar years had succeeded each other 
without interruption, then the glaciers of Chamouni, filling 
up the valley of the Arve, would have advanced, aud finally 
would have penetrated to the valley of the Rhone, In fact, 
in circumstances analogous to those which produced the two 
consecutive years of 1816 and 1817, all we may say that is 
desiderated, so far as the mountains which pi-oduced them 
are concerned, is, that winters should regularly succeed each 
other, and without intermediate summers ; this result then 
would follow, that the accumulations of snow would soon 
become so enormous as to produce a most rapid progressive 
advance of glaciers descending from their summits. 

After having thus explained the appearance and produc- 
tion of great glaciers, let us now consider how we may 
account for tlieir disappearance. At the first glance it ap- 
pears tliat the enormous humidity which had accompanied 
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the emersion of the fonuatiuus wbich moat recently appeareil, 
shoald unceasingly perpetuate itself, evaporation being in- 
suflicieDt to disperse it, inasmuch as it would in its tum 
produce as much more rain as it, the humidity, was itself 
considerable; and since, moreover, the winds could not in 
Ihis matter change the condition of the atmosphere, seeing 
that the humidity alike prevailed thi-oughout. It results, 
then, as a necessary consequence, that ere the conditions in 
which the vast amount of ice has been produced undergoes 
any modification, a certain absolute quantity of meteoro- 
logical water should disappear. Well, then, it is not diffi- 
cult to discover in a novel phenomenon which developed 
itself upon the whole of the emerged portion of the surface 
of the eai'th, which was unoccupied by ice and enow, a por- 
tion too, by ranch the most extensive, a cause of a gradual 
absorption of the water which impregnated these strata, and 
thereby saturated the neighbouring strata of the superim- 
posed atmosphere. This phenomenon is that of the vegeta- 
tion, which, of necessity would by degrees manifest itself upoD 
the new soil which would be oxjjosed to the light, and which 
would develope itself with a rapidity which would increase 
to the epoch of man's appearance, who, in spreading over the 
surface of the earth, would again contend with this exten- 
sion, which hitherto had been unchecked throughout the 
vegetable kingdom. 

According to the experiments and the calculations of M, 
Chevandier, one hectare (about two acres) of forest annually 
absorbs of oxygen and hydrogen a quantity equivalent to 
1800 kilogrammes of water, a result which has been obtained 
by the chemical analysis of wood which was perfectly dry ; 
for there can be no question concerning the hygrometric 
water which plants absorb and emit, nor concerning that 
which the sap, the leaves, and generally the humid portions 
of trees absorb. On the other hand, a cubic metre (yard) of 
air at the temperature of 10 degrees, contains, when it is 
saturated with moisture, 10 grammes of water ; consequently, 
one hectare of forest consumes during one year the quantity 
of water which would saturate, at the temperature of 10°, a 
stratum of atmospheric air of one hectare of surface, and of 
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18 metres of height. Hence, it is easy to pei-ccive timt tliiw 
quantity of water is much larger than that which would be 
necessary to saturate the whole atmospheric column with a 
base of one hectare of surface ; for if it be true that this 
column be somewhat higher than 1800 metres, on the other 
hand, its mean temperature is much below 10". Thus, in 
supposing that a portion only of the continents had been 
covered with forests, it is not leas true that the water ab- 
sorbed by these forests has been more than sufficient to pro- 
duce a notable diminution in the humidity of the surface of 
the earth and of the atmoaphere,. and consequently in the 
evaporation, as in the cold produced by this evaporatir n, and 
in the rpiantities of rain and snow ; effects which, in their 
combination, must have produced a gradual retreat of the 
glaciers. This retreat has ceased when, at the tei-mination 
of a certain time, an equilibrium has been established be- 
tween the action of the causes which determined the absorp- 
tion of the meteorological water and the itction of those 
which produced its formation. At the same time, there is 
no doubt that if, from any cause, the vegetation were to dis- 
appear from the whole surface of the earth at the same time, 
the existing phenomena would assimilate themselves to those 
of the epoch which immediately preceded and accompanied 
the formation of glaciers, and would still reproduce them- 
selves, although with less intensity, the soil being devoid of 
that humidity which resulted from its recent emergence. 

It is almost unnecessary to observe that this general in- 
fluence which the presence of great forests must exert upon 
the meteorological state of the atmosphere, after the appear- 
ance of the most recent formations, is not to be confounded 
with the local influence which the actual clearance and 
establishment of forests produces, and which is of an oppo- 
site nature with the foregoing ; they arc, in fact, contrary 
phenomena, whose discrepancy it is easy to account for. 
Finally, whilst assigning to the cause which 1 have pointed 
out the principal agency in the retirement of glaciers, and in 
tlie determination of the existing meteor oh igical condition of 
the atmosphere, I am far from pi-etending that it is the only 
one : and I am far from denying the influence of those causes 



170 



Professor C. Piaii^ Smyth's 



which M. Constant Prevost has pointed out. I only goni- 
clude as I began, by maintaining, that the existing causes 
amply auflice, without its being necessary to have recourse 
to a glacial era or period, to explain the fact generally ad- 
mitted by geologists, namely, the successive appearance and 
disappearance of the ancient glaciers. 



Meteorological and Axtronomical Notices for December 1851. 
By Professor C. PlAZZI Smyth, Astronomer- Royal for 
Scotland. 

The Appendix to the second volume of the Observations of the 
National ObserTatory at Washington has recently been received 
here, and contains further interesting aud important particulars with 
reference to Lieutenant Maury's important generalization on the 
motions of the atmoapbere. 

The most crucial and conviucing proof of the truth of the Lieu- 
tenant's idea, that the trade-winds cross over into opposite hemi- 
spheres at the pule, instead of returning to their own poles, was 
mentioned in our last Notices, as being the fact of Ehrenberg having 
aficertained that in rain falling on the west coast of North Africa, 
and in Spain, certain dust had been dropped, which consisted mainly 
of infusorial animalcules of South American origin ; this being pre- 
cisely the direction which the trade-winds of the southern hemisphere, 
after getting up exhalations of all kinds in their passage over South 
America, should take on passing to the north of the equator. 

It now appears that Ehrenberg had had sent to him specimens of 1 
tbis dust which had fallen at various periods between 1803 and I 
1849, and over various parts of NW. Africa, Spain, Portagal, f 
France, and Italy, with the adjacent seas. The dust was almodtl 
always sent with the statement, that it was volcanic dust, or that it J 
was the Sne sand of the African deserts ; while mere chemical a 
lysis gave the following comparatively uninteresting and uninstruo- 
tive table of contents : — 



Water and organic matter. 


-18-53 


Flinty earths. 


= 37-13 


Clayey, .... 


^16-74 


Carbonic and chalk earths. 


= 969 


Iron oxide, .... 


= 7-65 


Maugnneae oxide, . 


= 3-44 


Alkali, .... 


= 2-97 


Natron 


^ 1-90 


Talc earth, .... 


= 1-80 


Copper oxide, 


= 0-25 



i^ 
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To microscopic analysis, howover, the contents wore iuvariablj 
found to he mainly organic, partly flitit-shelled polygaatric infusoria, 
partly fragments of flint earth plants (PhytoUtharia), partly car- 
bonaceous but UDcarbonised fragments of other plants, and partly 
chalk -she Hod Folythalaniia ; the Polygastrioa and Phytolitharia evi- 
dently giving the flint earth, the Gallionella the iron and probably 
the manganese, and the Polythnliimia the oorbonic acid chalk earth. 

In nine specimens of dust gathered at very different places and 
times, but of very similar constituents, there were found the follow- 
ing number of species : — 

Polygaatrica, ..... 67 

Phytolitharia, 46 

Polythalamia, 8 

Partioulffi plantarum molles, . - 7 

Insectorum fragmenta, .... 1 

119 

Evidently, then, this was not volcanic dust, and it had moreover 
no symptoms of having been exposed to volcanic action. 

And again, it could not bo fine sand from African deserts, for 
there was so great a preponderance of fret^h-water forms ; and while 
there were many of them which were common to many parts of the 
world, there wore none which were peculiar to Africa, but there was 
a large proportion which were peculiar to South America. 

Of the above-mentioned 119 forms, 8 Polythalamia, 7 Polygastrioa, 
and 2 Phytolitharia, only, belong to sea-water, the rest appertaining 
to fresh-water ; among which the following are forms indigenous and 
peculiar to South America : — 



ArcoUa constricta. 


Gomplionema Vibrio. 


Desmogonium Guayanenso. 
Eunotia Camelus. 


Hrmantidium papilio. 
— Zygodo 


depressa. 


Navicula undosa. 


pileus. 


Stauroneis dilatata. 


qu ate m aria, 

quinaria. 


Suririella Peruana. 
Synedra Entomon. 



From all these circumstances, Ehrenbcrg had been ted to conclude, 
altogether independently of Lieut. Maury, that there is some cur- 
rent in the atmosphere, tending from tropical South America to 
South -Western Europe, gathering dust and moisture in the above- 
meutioned regions, bringing them into the northern hemisphero, over 
the NE. trades, and dropping them on reaching tho surface of the 
earth in its course to the NE. Further, the sources of the Orinoco, 
tiiB '' dried upland suiamp regions" to which Ehrenberg was led for 
the habitat of some of his infusoriM., \iave been fie^a,'C»,\B\'j i%sK.tittiK 
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by Humboldt as pi'ecisely such loualiciea, and vexed in llie dry Be& 
ijOQ witb raiistaiit whirlwinds which iill all the air with iint; dust. 

The proof, therefore, that Lieut, Maury's theory of the trade- 
winds, and with them the motions of the whole atnioephei'e, is as 
uumpleto as can be expected at so early a t^tage uf the discovery, 

Ilis " wind and current charts," by which he appears to hava 
been led to an enlai^ed mode of treating the sul>ji.'Ct, seem to be 
producing practical fruits also amongst navigators. On these charts 
he has inserted by symbols, from all available American li^-boolw, 
the strength &nd direction of both wind and current each day. 
Thence a glance will thew, by the accumulated oiperience of hun- 
dreds of preceding voy^es, what winds are likely to blow again on 
any succeeding occasion. 

The individual symbols excessively multiplied in frequented parts 
of the ocean, being found somewhat puzzling, they are now being 
condensed, and the combined results will be given for each four square 
degrees of ocean in a. wind-rose, or diagram of the points of the com- 
pass, which will shew the whole number of observations discussed, 
and the per eent^ge proportion of each wind that blew. 

In their present form, however, they have produced sufficiently 
marked results. 

Of the arrivals at San Francisco, the quickest passages have been 
made by American vessels, and of these the six shortest have had 
the wind and current charts on board. 

The average length of passage of all the American vessels through 
the year is 188 days, while the average of the six shortest, who hod 
the assitttance of the truly scientific principle of' profiting by the ex- 
perience of all their predecessors, was only 114 days! 

Again, these charts have indicated a much shorter passaga 
to the Line fi-oni the United States than vessels had been aottus- 
tomed to follow from time immemorial; and togs had just been re- 
ceived of two vessels which had sailed at the same time, one a 
merchant vessel, and the other a man-of-war, and possessing there- 
fore, it is by courtesy to be supposed, superior sailing qnalities; 
yet by taking the old route, it had not i-eocbed the Line, when th« 
other had not only passed it, but was even 1500 miles beyond! 

The currents of the sea are receiving at the same tinu' much ehi- 
ciflation, and an interesting system of cold currents from the polap 
regions alternating with warm ones from the equator ; and again, un-. 
der currents, always existing, and generally flowing against the upper 
one, and often with greater velocity, shew us that eviry part of the 
navigable ocean is instinct with this sort of life ; and there is no 
more possibility of finding a still and curi'entless part of the ocean, 
than of discovering any part of a living human body where the blood 
does not flow. 

When it is considurad what a prolific source of shipwreck the 
rents of the ocean are, the importance of this elucidatioi 
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will be fulij undcratuod ; aud tliuugli they may vary somawhat in 
strength and pliwe, yet to be forawai'ned uf their locality ia stinie- 
thinj(, and nhen axtronomicul ubserTfttions cannot bo procured to 
eliminate their ofFeuts, tbe thermometer seerns to promise to indicate 
at least tbs direction ol' them. 

Thus, entrance into tlie Gulf Stream, or a current carrying the 

bliip from south to north, can be detected in the cloudiest weather, 

when there is so large a change in the temperature of the sea, as 

shewn in the following observations on board the Fairy : — 

8 A.M., water 66°, air 54° 

9 73 ... 53 

10 76 ... S5 

11 77 ... 56 

And ^ain the cold current pouring down from Baffin's Bay, and 
penetrating with its vebemeut force far iuto the proper limits of the 
Gulf Stream, is shewn thus clearly by the log of the Argo : — 
1850, Dec. 17, temperature of water 68" 

18, ... .,, 47 

19, ... ... 38 

20, ... ... 37 

21, ... .- 61 

Further, a set of " ivkale" charts are being formed, or charts 
whereon the places and seasons wherever whaJes have been seen, are 
noted down ; and while tboy promise to be of great st-rvice to that 
important branch of the American fisherieis, seem to shew that the 
whales have a great deal more knowledge than we have usually given 
them credit for, and know a groat deal more about the warm and 
cold currents of the ocean waters than we do, or have dune. 

It ia not to be wondered that Lieut. Maury says that all these 
charts are eagerly sought and highly prized by practical American 
navigators, and it is hoped that British seamen will likewise both 
avail themeelves of them, and contribute materials for perfecting 
them. 

The task undertaken, while confessedly so useful, is a gi'eat and an 
endless i.ne, for year by year as observations are multiplied, and it is 
hoped improved in accuracy (forinstance,anemometTioal determinations 
given in place of the mere testimony of the feelings, correction made 
for the motion of the vessel, and alt directions corrected for the varia- 
tion of the compass), — they must be continually added to the charts, 
and perhaps new ones will have to be made to suit the secular altera- 
tions of climate. 

We can but Fancy wliat an accession to knowledge would accrue, 
if the myriad log-bookH of all British vessels were to be searched, as 
the American ones now are, and made to disgorge the mass of facta 
which they retained so long and so secretly. But we shoMVi twd ■o. 
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deal of UewDj (o make up beiure ororiaking tlie Americans 
mbject, which they bavu chosen for themselves. Ferbaps it would 
be as well not to compete against thein in exaotly the Kama course. 
But there is another more limited subject which does not appe&r to 
have attracted their attention yet, viz., " hurricane" charts, where 
the traclc of every gi-eat whirlwind storm should be inserted with 
partictilai's. Had such existed, one uan Imrdly think that Buoh & 
disastrous encounter aa tliat of the Pekin steamer with a Chinesa 
typhoon, described in the Illustrated London iVews, for December 
oould well Iiave occurred. 

The account there printed, was sent to the paper by the Secretai_ 
of the steam company, as a most admirable inatauco of a typhoon- 
being withstood, and as a glurificatioa of the vetisel and its owners. 
The captain, too, takes no small credit to himself, and imparts his 
praise extensively to the engineer, and all the officers concerned. 

The vessel was on its voyage from Canton to the Straits, and 
was in lat. N. 16" 45', long. E. 110° 45' ; the log-book describes 
the falling of the barometer, and the liaing of the wind and sea ; 
and their portentous increase ; then there follow suocessivo entries as 
the night cojnes on, of the various sails which are blown away one 
after the other, of the boats washed off, and of masts and ropes broken, 
and of the utter consternation of the crew, who hide themselves in 
their despair. At length the vessel is no lunger able to make any pro- 
gress against the mighty odds, and all the ^uosi vital force of her largo 
steam-engines, is employed merely to keep body and soul together ; 
in keeping the vessel's head to the waves, and preventing her getting 
into the trough of the sea. It is confessed, Uiat had not the vessel 
been a steamer ; or being a steamer, had it not been so admirablj 
strong and taught in every way, it must have foundered with all on 
bdard ; at length the direction of the wind changes, the barometer, 
begins to rLse, and by the morning the storm has passed. J 

Now, it is doubtless extremely gratifying to bear, that British] 
Oiik can withstand great roughness of weather, but was there anj ^ 
necessity of exposing it to such a death struggle as this P Not the 
slightest. The barometer falling shewed the approach of the hurri- 
cane, the direction of the wind shewed that the vet^sel was on the NW. 
edge of the circle, and there was abundance of sea- room to sail away 
northwards, where but a small space would have carried the ship 
out of the storm ^s reach, and have allowed it to pass by. But 
instead of that, it sailed away southwards 58 miles, that is towards 
the centre and most dangerous part of the storm, until compelled, 
in spite of itself, \a desist from so mad and headlong a careerij 
Fortunately, the centre was not reached, or pi-ohably the account-l 
had never figured in the lUustrated London Neuis : but the 
greatest danger was incurred, and actual losses experienced, to an 
extent that would have furnished all the British navy with wind 
chart*. The change of the direction of the wind towai-dn morning, 
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its abatement in strength, and the rise of the barometei', shewtd 
tliat the storm then had paasoH away, and in the same path, and with 
the same characteristicii, that all other Chinese typhoons liave 
dune before. This one was therefore nothing new, that a captain of 
Eo large a vessel shoald hare been taken unawares by it. More- 
over, those typhoons or hurricanes liave bi'on proved, by such a 
legion of melancholy catastropliea, to be far more than ships bailt 
by mortal hands can stand, when they get into the vortex (in one 
towards the end of the last century, in those same seas, 100,000 
men are said to have perished) ; that no passenger merchantman, 
steamer, or Bailing vessel, is justified in not getting out of its way, 
when there is plenty of sea-room. And if the steam company do 
not mulct their captain in (ho cost of all the sails, ropes, masts, and 
boats carried away, it is to be hoped that tho underwriters will take 
up the case. At any rate, if so prominent an instance should induce 
■ome ofiicial recoguilion of the importance of inakiug and enforcing 
the use of a series of hurricane charts, science will be the better I'or 
it, and the lives of those of our countrymen who have to voyage in 
tropical seas, will bo so much the safer. 

Saturn's Ringa. — According to a lithographed drawing prepared 
by Mr Lasael, as the result of his observations with his reflecting 
telescope, the new dark ring, discovered by Prof. Kond, is now broader, 
that is, extends more nearly to the ball, than when first seen. Mr 
Hartnup's observations with tho Liverpool equatorial also give the 
same reealt. 

To account for the alteration in the appearance of the rings, the 
separations sometimes visible and sometimes not, Mr Bond not 
finding that such effects could well result from any difference in 
form of surface, as by mountains on the rings, has supposed that 
they may be fluid. The discrepancies of observations might then 
be more easily explained by a variable constitution of the ring, con- 
sisting in the frequent formation of divisions and their subsequent 
annihilation. Prof. Benjamin Pierce, of Harvard University, U.S., 
has followed in the same lino, and has shewed that a more recondite 
application of the principles of fluid action lead to more definite views. 

Ho has demonstrated, indeed, from purely mechanical considera- 
tions, that the ring cannot be solid, and he maintains, uncondition- 
ally, that there is no conceivable form of irregularity, and no com- 
bination of irregularities, consistent with an actual ring, which would 
serve to retain it permanently about the primary, if it were solid; 
and he considers that La Place's statement of the sustaining power 
of an irregularity, in which he has been blindly followed by his 
successors, was but a careless suggestioa di-opped at random, and 
never subjected to the scrutiny of a rigid analysin. But Prof. 
PiercB shews that in the case either of one irregularity, or of many, 
that they will not permanently support the ring if solid, but that 
they will rather tend to accelerate its fall and destruction. 
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Hu then coiisiders tlie possibility of their being 
somewhat dunsor than water, aiid flowing around the planet. The 
extraordinary thinness of the ring allowing the fluid to be supposed 
to be of uniform density ; then with the mass, width, dtumetor, and 
velocity of rotation as observed, a proportion for the thickness and 
width of each ring, may be compuied by the respective lengths 
each direction, which u'ill give equality of fluid pressure 
centre. Hence the whole nuuiber of component rings to ni 
the grand ring as observed, may be contputed, and the first approxi- 
mation has given 20, which Prof. Pierce considers the 
limit. The definite width of the elementary rings, in, he 
certain extent, analogous to the definite size of thf drops of water 
froui a vial ; and as those drops may bo observed to break ufT froi 
the fluid above with quite an abrupt line of separation, so will 
dividing of the rings of Saturn, as the fluid approaches that state 
rest which is necessary for the phenomenon, occur with a swift &n( 
abrupt sinking iii at the proper distances, 

liivestigatiiig then into the stability of such a fluid ring or riagSi 
Prof. Pieree was surprised to find that after all, the motion of the 
centre of gravity was not controlled by the primary ; that it re( 
the individual pai-ticles from flying apart, and keeps them in tl 
form of a ring, but it has no influence on their motion as one body! 
The ring might therefore, so far, move to such aa extent in its plane*' 
as to be brought into contact with the ball of the planet and destroyed. 
He found, however, that the sustaining power esiste in the satellites 
ejiterior to the ring, as was indeed supposed by Sir John Herschelj 
in his Outlines of Astronomy. 

Thence Prof. Piei-ce concludes, that no planet can have a ring, m 
less it is surrounded with a sufficient number of satellites properlj 
arranged ; and that Saturn is the only one so furnished. He shews' 
moreover, that the Sun has not its satellites, i.e. the planets, properly 
arranged for supporting a ring, or that the only possible part of thti 
system for such a phenomenon would be just within the powerful 
masses of Jupiter and Saturn, and that supposing the Sun ever hai 
been surrounded by some ring of matter comparable to the zodiaoal' 
light, then defects in the maintaining power of the planets outside' 
might cause the centre of gravity of the ring to begin to move until 
is was broken by being brought into contact with the Sun or soma 
of the interior planets, when either asteroidal planote or comets 
might result under different circumstances. 

Pressure of business has prevented Prof. Pierce at present from, 
giving the whole of his mathematical investigations, but meanwhilsj 
his results will be received witli great faith, afttr the unu 
ability and the scrupulous regard to absoljte truth of hypoth 
which he shewed in his difficult researches into the mutual peilu 
bations of Uranus and Neptune. 
N'ew Planet Eunomia. — As Messier complained that when grieving, 
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for his bat uLfe, some otiier ostrunoniii-r had succeeded in finding a 
comet, which would o:hei'wise assuredly have Tallen an earlier prize to 
faissuperior Ekill in searching the heavtns; or as Bonaparte ez claim liI 
on hearing of the battle of Tra&Jgar wlien he was on the victuiiuiis 
field of Austerlitz, that "he could not bo uverywhere at once;" ty 
the gt%at English planet discoverer, Mr Hind, may complain that hu 
cannot be attending to everything ; that Vi\iKn he goes with a portable 
instrument to observe a total solar eclipse in a foreign country, lie 
cannot be searching for new planets in Mr Bishop's Observotory. 
And at least it is an additional proof of the richness of the field of 
discovery, that when almost all the astronomei'H of note had gone 
to the Continent to observe the eclipse of July 28, another, M. 
Gaaparis, of Naples, who could not stir from home, tiucceedod in fiii<l< 
ing, only the next day, another of the asteroidal planets. It ap- 
peared as a star of the 9th magnitude, and has been named Eunumia. 
Its place amongst the other members of that celestial family, will be 
fimnd by the following determinations, viz., tneaii distance = 2-46, 
periodic time 1406 days. Its position in the sky, when found, wus 
18" 16", K. A., and 26' 4' south declination. 

New SateUitea of Uranus. — On November 3d, Mr Lassel of 
Xiverpool, as active and successful a discoverer of satelhtes as Mr 
.Hind or M. Gaspai'is of planets, wrote to announce of his sus- 
pected discovery in October 24th having been confirmed ; and that 
he can now state confidently, that Uranus has two eatellites interior 
to the closest, suspected by Sir W. Herschel. This had a period of 
five days, but the two new ones have for their time of revolution 
four days, and 2'6 days respectively. 

" These new satellites," he says, " are very faint objects, probably 
much less tlian half the brightness of the conspicuous ones, and 
generally the nearest has appeared the brightest. All four were 
Bt«adily seen at one view in the 20-feet equatorial, with a magnifying 
power of 778 in the moi'e tranquil movements of the atmosphere. 
The finest definition of the planet and fi'eeilom from all loose light in 
thft field of view is necessary for the scrutiny of these most minute 
'ond delicate objects." 

Standard Tliermometers. — Mr Sheepshanks, who has been en* 
'gaged for some time past in tht^ construction of a standard scale of 
length, lias at last got over one of the principal difficulties, viz., 
procuring sutticieiitly accurate therm ouieters to ascertain the tempe- 
■■ratupe, and the consequent expansion of the scale. His suocess here 
will doubtless be of service to others elsewhere, as a thermometer is 
iito essential an instrument of all scientiSo research, and though so 
I'Bippai-ently simple, is one of the most difhcult problems in practical 
■ science. The stage of accuracy to which Mr Sheepthaiiks has ar- 
rived, is to be able to depend on a thirtieth, or even a liftieth, of a 
degree of Fahrenheit ; the height of the mercurial column being 
read off by a small telescope and micrometer, The bulbs are gene- 
VOL. 1,11. NO. cm. — JABUART 1852. lA 
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Killy about J to | inch in di&meter, and the tubes, which have the 
diviHiona etched on the glass, are in the longest cases 18 inches in 
length. These he calls generating thermometers ; and as aa ther- 
mometer IB constant in wide ranges, and at diferent times, he has 
other thermometers, smaller, and with onlj a portion of the scale from 
freezing to boiling; and prefers to use a special instrament for a 
spoeial temperature. 

The first practical difficult; is the equality of the bore of the 
tube : round bores are most even, but flat ones are easy to read oS, 
In either case, care ghould be taken to pick out one with no tvddtn 
irregularities. To examine into the quantity of these, portions of 
the columns must be broken, and passed along the tube, first with 
one length of column, bisecting the extent of the scale, then trisect- 
ing, and so on, until every tenth or every fifth division has been 
tested, A little skill is required to continue to break off portions 
of the column without the application of a. lamp to the bulb, aa has 
previously been practised ; and consbts iu dexterously reinvertiog 
the thermometer, which has just been turned downwards, and ao b " 
the vacuum bubble, which will thereby have been furmed in 
bulb, to the neck of the tube. 

Exceeding pains are then taken, in determining the freezing aod 
boiling points, that the pounded ice in the one case, and the boiling 
water in the other, are neither above nor below their natural tempe- 
ratures ; but even when this is accomplished there arises the greater 
difficulty stiU, that heat seems to produce two sorts of expanfiions 
on bodies, viz., the ordinary, or that which ceases with the increase 
of temperature, and may be called the periodical expansion ; and 
another, which may be called a secular expansion, much smaller ii 
amount than the other, but continuing to exist days, or weeks, 
months, according to the bulk of the article acted on. 

For strict pui-poses, therefore, to determine correctly temperatares 
below boiling, the thermometer should be boiled just previous to 
being used. But to avoid this trouble, Mr Sheepshanks prefers, for 
noting ordinary climate temperatures, to hare a thermometer 
marking only to about 70° to 80° Fahr., compared from time to time 
with one of the generating thermometers, and having its freezing 
point occasionally tested. Thus avoiding in any one instrument the 
application of any exceeding variations of temperature. 

This secular change probably affects the glass of the bulb 
than the mercury contained therein, and is eq^ually present in 
metal, and indeed all substances, greatly to the confusion of our at- 
tempts to construct standard scales for exact scientific purposes. Th« 
affe of the bar, and its former experiences, now seem to be elem^its 
in determining its length, in addition to the temperature at the 
moment. 

The old custom of making measuring- rods of wood waa 
sarily exploded before the advancing requirements for aeoui 
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when it was found that, in adJitioa to expansion from heat, wbicli 
could bu measured, there was other espaneion from moisture, 
whioh coalil not be measured accurately, and other alteration still 
from some sort of working or reaction of the late organic fovces, 
which had vivified the wood, and made the tt'ec, and are more difficult 
than ever to examine into, and seem to defy all our njeana of mea- 
suring their quantity and computing their effects. While bone or 
iTory, anything in fact which has had lire in it, is as tittle to be 
trusted as wood. 

Bocourse was then had to metala, and men revelled in the fancied 
fiimplieity and certainty of the corrections to be applied to deduce the 
true length ofa bar at any temperature. Bars of all metals, and in the 
state of metal, cast or wrought, hammei'ed or rolled, round, flat, 
thick, thin, hollow, and solid, were all indifferently used ; the ther- 
niotio expansion being ascertained in each case, by trying the length 
first in a freezing mixture, then in boiling wattr, and taking j^u of 
the difference so found, as the correction due to 1° Fahr. 

Bat now it ie found by close microscopic measurements, that ac- 
cording to the degree to which the particles of the har were dis- 
tressed in the metallurgic operations of rolling, hammering, &c., so 
will it have a greater tendency to return, though slowly and through 
long intervals, to some former shape. And as we cannot ascertain 
all the blows and severe trials which the bar may have undergone 
in its process of formation, or probably correct for them, if we did, 
for the effects will vary with every different metal and every vanety 
of each metal, we can only eschew all recently manufactured bars, 
and prefer cast to wrought metal. 

Next it has been ascertained that no metal expands uniformly 
with the mercurial thermometer, and therefore the making the cor- 
rection equal to so many jj^ parts of the whole expansion, as the 
thermometer should be above 32° F., is by no means true for points 
between 32°and212^ 

And lastly if the bar be heated up to 212°, it will be found not to 
come down again at once on cooling to its former length at 32°. As 
therefore so high a temperature is unnecessary, because we never 
have to use the rods, or to make measurements with them in an atmos- 
phere of that temperature, the once favourite plan of boiling or roast- 
ing bars, so as to get their expansion indicated to a great extent, is 
now given up; and the better method is adopted of leaving the 
bars altogether to themselves and to nature. They are allowed to 
take any temperature that they please under the usual changes of 
climate ; their lengths are carefidly watched under all those slightly 
varying alterations of natural heat ; observations are greatly multi- 
plied ; and equations of condition at last bring out the true law of 
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METEOKOLOGY. 

1. The CUmatologi/ of Arctic America in reference to the fate of 
Sir John Franklin. — " The idea of a cycle of good and bad seasons- 
has often been mooted by meteorologists, and has frequently re- 
curred to my thoughts when endeavouring to find a reason for the 
eaee with which at some periods of Arctiu discovery navigators were 
able to penetrate early in the summer into sounds wLioh subsequent 
adventurei-s could not approach, and to connect such facts with tba 
fate of tho discovery ships. But neither the periods assigned, nor 
the facts adduced to prove them by different writers, have been pre-' 
sented in such a shape &» to carry conviction witli them, until jttj^' 
recently. Mr Glaisher, in a paper published in the Philosophical 
Transactions for 1850, has shewn, from eighty years' observatioi 
in London and at Greenwich, that groups of warm years alternat 
with groups of cold ones, in such a way as to render it most pi 
bable that the mean annual temperatures rise and fall in a series of 
elliptical curves, which correspond to periods of about fourteen years, 
though local or casual disturbing forces cause the means of particular 
years to rise above the curve or fall below it. The same laivs 
doubtless operate in North America, producing a similar gradual 
increase, and subseqnent decrease of mean heat, in a series of years, 
though the summits of the curve are not likely to be coincident with, 
and are very probably opposed to those of Europe, since the atmo~ 
spherical currents from tho south, which in a period raise the annual 
temperature of England, must be counterbalanced by currents from 
the north or other meridians. The annual hent has been diminish- 
ing in London ever since 1844, according to Mr Glaiaher's diagram, 
and will reach its minimum in 1851. It can be stated only as a 
conjecture, though by no means an improbable one, that Sir John 
Franklin entered Lancajiter Sound at the close of a group of warm 
years, when tho ice was in the most favourable condition of diminu- 
tion, and that since then the annual heat has attained it 
probably in 1847 or 1848, and may now be increasing again 
all events, it is conceivable that, having pushed on boldly in 
the last of the favourable years of the cycle, the ice, produced 
unfavourable ones which followed, has shut him in, and been found 
insurmountable ; but there remains the hope that if this be the 
period of the rise of the mean heat in that quarter, the zealous and 
enterprising ofRoers now on his track will not encounter obstfuotionaf 
equal to those which prevented their skilful and no less enterprising 
and zealous predecessor in the search from carrying his ships be- 
yond Cape Leopold.'' — Sir John Richardson. 

2. Atmoi^henc distribution of Iodine. — M. Chatin, the diaoo>j 
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vorer of iodine in the atiuospliere, is contiauing Lis researL-Les on 
this subject. The general result ol'' lus latest observations leads liim 
to conclude, that the nearer he approached the Alps the smaller waa 
- the quantity of iodiiie, and that in tsome districts, as Maurienne, 
this atmosphere contained no iodiiie. 



3. On the Internal Stricture of MountaiTUi. By B. Cotta. 
{Leonhard u. Bronn'g Jahrb. f. Min. H.a.w. 1851, p. 181-2.) 
— In a letter to Dr K. C. t. Leoohard, the author states that 
in a fihort memoir on the Internal Structure of Mountains, lately 
puhUfihed at Freiberg, he has attempted the physiology, as it were, 
of mountains, in shewing the different phases of their formation and 
destruction, The chief results arrived at are— 

1. The mountains did not suddenly arise, but were formed by de- 
grees, sometimes during rery long periods of time. 

2. For their position and direction there are as yet no general 
laws positively known. 

3. All true mountains are results of elevatury volcanic (plntonic) 

4. The majority, however, in their present form, are at the same 
time the result of a later destructive process (the action of water), 
in very uueijual degrees. 

5. The mo tmtain- elevations are to he distinguished us local, from 
the continental elevations of great tracts of land, which latter may 
be bare swellings, unless eruptive rocks find a local vent. 

6. Horizontal forms of the mountains correspond in some degree 
to the grouping of the volcanoes, — the single mountain masses {Mai- 
ien-Gebirge) to the central volcanoes ( Vulkan-Gruppen), the moun- 
tain chains to the lines of volcanoes ( Vulkan-Smhm). 

7. Of the origin of mountains the author distinguishes three prin- 
cipal kinds, and very many forms of combination, and stages of de- 
velopment and destruction. The three kinds of origin are — 

a. Sy the efdux and superficial accumulation of eruptive rucks ; — 

volcanic mountains. 

b. By the elevation of existing hard portions of the earth''s crust, 

caused by eruptive rocks penetrating upwards ; — -plutonic 
mountains. 
e. By lateral pressure, and, in consequence thereof, the folding 
of existing hard portions of the eariJi's crust. 

8. Several of these kinds of development, however, sometimes 
ocum- in combination with one another. 

9. The mountains originating in the ulevation of the existing 
haH portions of the earth's crust, owing to the upward pressure and 
penetration of eruptive masses, exhibit the most manifold diversity 
of stages of destruction, whereby they fall into mountaiiiB *\Uvfo'Ae& 
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strata (Falten-Gebirge), crystalline slate mountains, and central 
mass mountains of upper, middle, and lower section. 

10. The mountains with folded strata of this sort, bowever, axe 
not always distinguishable from those originating in lateral pressure. 

11. Of especial importance in judging of the relative age of the 
mountains — besiiies the difitinction of elerated and non-elevated beds 
brought forward by E. de Beaumont— is the fixing of the mountain 
chains as lines of separation between deposits during determined 
periods ; recognizable by diaairailar characters in the series of sedi- 
mentary formations on two or more sides. 

12. The volcanic mounting are distinguished from the plutonic 
consolidated within the earth, both by their external form and by 
their mineralogical conditions. The first form superficial, the 
second form subterranean, cones of eruption. The section of these 
last exhibits (for example) the so-frequently referred to granite- ellip- 
soids. Both, however, fill up also narrower fissures, in which they 
are then mostly crystallized somewhat otherwise than in the great 
principal masses. 

4. On German Tertiary Formations. By F. Sandherger. 
{Leonliard u. BronnS Jahrbuch f. Min. h.S.u-. 1851, p. 177-) 
— Tertiary formations of the age of the Mayence Basin are widely 
distributed in Germany. That the Brown-coal formations of Wes- 
tepwald and the Lower Bhine, as also that of the Vogelsbei^, belong 
to this period, is easily proved by their fossil shells and plants. 
With regard to their Vertebrata, Von Meyer long since supplied the 
necessary proof. Moreover, the Brown-ooal formations of Miesbach, 
in Upper Bavaria, contain Cyrena tubarata, Bronn, Cerithium mar- 
garitaceum, and other characteristic forms of the Mayenoe B&si 
The Vertebrata of the Molasse of Switzerland agree also wi 
those of the last deposit ; and in respect to North Bohemia, the ela- 
borate work of Von Meyer and Rouss' affords also a similar result. 
The Mayence Basin is, moreover, the type of a whole series of such 
deposits, as is the London Basin with respect to the old tertiary 
clays of the Baltic plain.— QuarfM-^^ Journal of the Oeologieal 
Society, vol. vii.. No. 28, p. 118. 

6, Ori an extensive Bock- Formation of Siliceous Polyeystina 
from the Nicobar Islatids. By Prof. Ekrenberg, (Berlin Mon- 
atsberickt, 1850. p. 476-478. Leonhard «. Bronn's Jahrbaeh 
/. Min., U.S.W. 1850, p. 237.) — Hitherto, Barbadoes only has 
afforded rocks with Polycystina. The Nicobar Islands lie in nearly 
an equal latitude with it, but in the East, instead of the Weati, 
Indies. They consist of syenitic and serpentinous porphyry 
gabbro-rock with pyrites, but without any recent volcanic ejeotment^^ 
on whioh, to the height of 2000', lie clays, marls, and calcareoi 
sandstones, rich in PolyeysttYta. The author has already obt&ini 
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rroRi hence 100 species, which are partly identical th tie JOO 
EpecJes from Barbadoea. The islands Car Nicobar a d C n arta a 
eHpecially remarkable in this respect, and on the lattc s t a h 11 
SOO* high, throughout which the Polycystina-clay oc urs A 1 glit 
lueerachaum-iike clay and shale (tripoli, polishing shale) f und th e 
and at other places is composed nearly altogether t the e bjd 
mixad with many Spongolithes. These clays are generally traversed 
by lignitiferouB deposits, and by syecitic gravels. — Qiiarterly Jour- 
ttal of the Geological Societi/, vol. Tii., No. 28, p. 1 18. 

6. Mr J. B. Ouimet's Process for the Manufacture of Arti- 
ficial Ultramarine. — Previous to tfie year 1828, all the ultra- 
marine in use was obtained from the Lapis Lazuli, a rare mineral 
procured from Siberia. A common ultramarine thus obtained, 
is, at the present time, sold at seven guineas per ounce, and the 
price of a genuine and very choice article, is upwards of twenty 
guineas per ounce. From its great costliness, the use of this pig- 
ment is confined entirely to the artist. Several analyses of ultra- 
marine were undertaken with the view of dnding out a method of 
making it artificially. These analyses shewed it to be a compound 
of silica, alumina, sulphur, soda; but the supposed colouring prin- 
ciple for some time evaded all attempts at its detection, At last, 
M. Guimet of Ljons, in the year 1828, aided by these analyses, 
and encouraged by the offer of a prize of 6000 francs from the 
SooiitS d' Encouragement of Paris to the person who should suc- 
ceed in the manufacture of artificial ultramarine, hie on the happy 
idea of giving up further search for the hidden colouring principle, 
and confined his attention to the combination of the several colour- 
less ingredients which uhemical analysis pointed out as the consti- 
tuents of natural ultramarine. The result was the discovery of 
artificial ultramarine. M. Guimet kept his process a secret, selling 
his ultramarine at 42s. per pound. Gmelin, Pereoz, and Robiquet 
afterwards discovered the process, and published the mode of prepar- 
ing this pigment, since which time its manufacture has extended in 
Germany and in France, and has latterly been introduced into this 
country. 

Ultramarine appears to be a compound of silicate of alumina and 
silicate of soda, with sulphuret of sodium, and the colour is sup- 
posed to be due to the reaction of tbe last constituent upon the for- 
mer two. It may be prepared, according to Gmelin, hy rapidly 
igniting a mixture of equal parts of silica, carbonate of soda, and 
sulphur, first adding a sufficient quantity of a solution of soda to 
dissolve the silica. The result is a bluish-green mass, which, by 
ignition iii contact with air, becomes blue. Ultramarine is now sold 
as low as fiftoenpenoe par pound. It ia applied to various purposes 
in the arts, such as paper-staining, the asurage, or blue tinting of 
writing papers, starch, ground white lead, &c., and has recently 
been applied to the printing of cotton goods. It has superseded 
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Kiiialts in man; industrial purposes; but as it ia not an enamel 
[M^luur, its empioyment is not applicable in the colouring of chuia 
and earthenware. — Pharmaeeutical Journal and Transactions, vol. 
xi., No. v., p. 230. 

MINBIIALOGY. 
7. Exhibitionof Stitues and Geiiis in the Crystal Palace, — The 
nature of the articles exhibited depends as much upon the cb&racter 
of the building which is to receive them as it does upon their own 
individual character. In a building which admits the whole light of 
the sky, except where it ia eclipsed by the beams of its carpentry, it 
would be impossible to make a favourable exhibition of pictures, 
while statues could be advantageously displayed. When an oil 
painting is illuminated from numerous points, or by broad beams of 
light, the varnished surface, thus rendered visible, destroys the fiaest 
touches of the artist, and removes the illusion which be had produced. 
In like manner, gems, such as the diamond, which derive their prin- 
cipal beauty from the prismatic spectra which they produce, lose sll 
theii- charm when exhibited in a palace of crystal, while gems and 
precious stones, whieh derive all their beauty from their colour, are 
displayed to great advantage. The great Koh'i~noor, or Mountain 
of Light, the Durra-i-noor, or the Sea of Light, and the fine blue 
diamonii of Mr Hope, have less effect, as now exhibited by day- 
light, than a piece of glass of the banie size and tint would havc^- J 
if exhibited in a private room with two or three windows. In thej 
spectra produced by broad luminous spaces, all the colours a 
combined into white light, and hence the disappointment which every.l 
person has experienced at the first sight of these singular gems. 
Were the same gems to be worn by a lady in a dravring-rooni, witbl 
numerous bright lights, their effect would astonish the company.'* 
The fine coloured refractions of the diamond disappear also nnderrj 
other circumstances. When the diamonds are very small, and 9 
closely together, the numerous prismatic spectra which they produc 
are mingled, and produce white light on the retina of the eye, and 
this diminution of colour increases with the number of lights. When 
small diamonds, however, are at a sufficient distance from each other, 
they are seen to the greatest advantage when the lights are sharp , 

As the sight of rare precious stones must always be exceedingly 
interesting, because they are never Feen in collections of miners' 
and when in the possession of individuals can only be Seen by thei,^ 
private friends, it would have been desirable to place all the dianion^.B 
(as the Koh-i-iioor is, on Fridays and Saturdays), in a dark apwt-M 
uientj illuminated by numerous small and brilliant lights. Till thia 
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w»s June with the Kofi-i-noor, nobody bad any idea of its purity 
and beauty, and, indeed, nobody till then could say that it was not a 
piece of glass.'— JVoMA British Review, No. xxx., p. 542. 

ZOOLOGY. 

8. Flging-Fish. — The common opinion tliat the motion of the Fly- 
ing-Kab through tbe air \& nothing more than a Tigoroua leap, sanc- 
tioned as it is by many lionoured naraea in science, I have long 
believed to be incorrect, baring on sevtTal tbnner occasions seen 
what appeared to me a distinct motion of the fins. To settle this 
point was one of the desiderata which I bad particularly noted down 
on commencing this voyage ; and the result has fully confirmed my 
belief. The observations as they occurred, I shall q^uote in the form 
in which they were recorded. 

Nov. 20£A.— Lat. 19° 24' N., long. 41° 5' W.— Many Fljing- 
Bshes appeared ui tlia course of the day : the first we bad observed. 
They were the silvery species commonly seen in the Atlantic, of 
middling size, with clear wings ; probably E-jioc<£tus volitans. I 
now feel certain that these fishes have power to change their direc- 
tion when in the air ; mure than one, which I saw to-day, turned 
tuide at nearly a right angle. 

Nov. 22d. — Flying-fishes leap from the sea every few minutes ; 
several made courses distinctly angular, and some, I am q^uite sure, 
rose and sunk in undulations. To confirm my own observations, 
I requested a gentleman on board to notice this point ; and he was 
quite certain of both of these facts. 

Nov. 2-ith. — I observed to-day a Flying-fish, after flying a short 
distance, suddenly turn downward, abruptly and perpendicularly, as 
if alarmed, and enter the water. The action exactly resembled that 
of a bird. 

Nov. 25lh. — Several times I have observed in the flight of the 
Exoccetus, when near, an occasional fluttering of the pectorals. In 
general, these wing-fins appear motionless ; but at the moment of 
rising to avoid the crest of a wave, there is a slight but rapid vibra- 
tion of these organs, distinctly perceptible, if the fish be pretty close 
to the ship. I saw an Eaioewtm to-day which was much larger than 
the species hitherto observed, with the pectorals wholly of a sooty 
black colour. Probably it is the Exoceetua Noveboracensis oE Dekay. 
The others are still rather numerous, but do nut rise in flocks, 

Nov. 27(A. — This morning multitudes of Flying-fishes rose, dis- 

• Tho introduction of grounii glaja glohea into our apartmentB, however 
lieaatiful they may be bb objocts seen by the eye, destroy Ihelwauty of all other 
objecls. Silver sud gold plate, and all other objects that derive their beauty 
from tho reflected light, lose their poliab, and have Hctualty the rame apjiear- 
iincp aa if their Burface was ground. The coloured spectm, too, produced by 
the iliainODd and othei' jitecioiu aLoncH, are all diatmiil as if they ware tetn 
llirougli ground k1"»s. 
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turbed b; the ship ; a distinct species, differing Trom both the formi 
in vaaaj points. This species ia muob Bmaller ; the pectorals are fl 
delicatelj transparent as to be almost iovisiblo ; the upper parts ai 
or a fine deep bluo ; their flight is swifter, more hurried, and coatinut 
for a shorter distance ; they often merely shoot along at the su. 
lace, just catting the water, and sometimes emerge for five or m 
feet only. The former appears more tapered at the extremities tha, 
that of the species hitherto commoD. 

Nov. 2Qtk. — I noticed a Fljing-fish curve its course so as 
scribe more than half a Hrcle. 

Nov. 30(A. — Before breakfast the motion of the ship disturbs! 
multitudes of Flying-fishes of the blue-backed species, which flew ii 
shoals e?ery moment from each side of the bows. Many Bonitn 
pursuing them were likewise leaping from the surface ; at length : 
seaman from the martingali) struck one of the latter with the grain 
and secured it. It was a beautiful fish, rcmai-kably plump and hard 
the rainbow hues of the skin were most rich and lustrous, the piol 
predominating. Several black stripes running along each side marka 
it as the Thynnits pelanys of Cuv. and Val. We ate it for dinnoi^ 
and found the flesh pleasant, but rather dry. In its stomach v 
six of the Blue-backed i'ljing- fishes partly digested. Some larg 
oceanic birds were likewise pursuing the little aeronauts, awoopiiij 
down amidst the Sitting shoals. As far as 1 remember, this Is th 
only occasion in which the pursuit of the ExocoefiM, by either winge 
or finned enemies, has ever occurred to my observation ; I incline t 
think that it is much oftener described than seen. 

Here end my notes of the Flying-fish ; except that long afterward 
I saw two or three of the blue-backed species skimming the surface ( 
Bluefield's Bay. Besides the fact, which these notes appear to n 
pro?e, that the E^ocaeti have the power of increasing, directing, as 
terminating their progress while in the air, by the action of thM 
pectorals — a true flight, those connected with the geographical iix$ 
tribution of the species are worthy of notice. The common Atlanti 
species, which I take to be volitans, suddenly appeared in consider 
able numbers in long. 41°, or just midway between Africa and thi 
West Indies. They continued to be abundant until within a day'j 
sail of Antigua, where they were replaced by the little blue-back< 
and were seen no more. This beautiful little species suddenly b 
came quite as abundant as the former hod been, and so continue 
until we neared Hayti. The great Black-winged kind appeared thre 
days to windward of Antigua, and continued to appear conjunctly w'* 
the Blue-back, but rarely more than two or three in a day. 1 
last was seen near the west end of Hayti. — A NaturaUst''s Sojour, 
in Jamaica. By P. H. Gosse, p. 9. 

MI8(5BLLAHEOTI8, 

9. .^1071^^1^8 Collection of Minerals at N'lplcf for s,.,h.~7\x\ 
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QoUecUon, now in the hands of a nephew of the late Monticelli, the 
distingaiEhed ItaHan minerBJogist, is offered for sale. It contains 
4000 specimens. There are over 400 Vesuvian Bpecimens, con- 
taining the largest nnd finest suite of Vesuvian specimens and varie- 
ties extant, all thornughlj labelled. Besides these, it includes also a 
beautiful series of Elba and Sicilian minerals, and a general collec- 
tion rich in the species of the most celebrated European localities. — 
jimerican Journal, vol, xii., Ko. 36, p. 301, 

10. Science of Pita. — Pisa is a fine citj, and its university con- 
taioB die best general coUectian in zoology, geology, mineralogy, and 
hotany, in all Italy. It is justly celebrated at home for the high 
character of its Gcientific men, and deserves to be generally applauded 
for their sakes, — Chas, Matteucci, — the two Savi, sons of the re- 
nowned G. Savi, professor of botany at Pisa until his death, — Jo- 
seph Meneghini, professor of mineralogy and genlogy, — Piria, the 
chemist, are all names of just celebrity, and we found them most 
agreeable and enthusiastic men. Professor Meneghini is a young 
man, and has hold his office only two years, in place of his unfortu- 
nate predecessor Professor Pila, who was shot in one of the repub- 
lican battles in 1848. He is also a zoologist and botanist, and has 
edited " Observazione Postume di Zoologia Adriatica del Prof. Ste- 
fano Andrea Benier, Veuozia, 1847," containing 16 platee, in folio, 
principally occupied with figures of sponges. — American Jottrnal, 
»ol. xii.. No. 35, 2d Series, p. 300. 

11. Noetumal Forest Sounds Various and strange are the 

Bounds which strike the ear of one benighted in the forests of Ja- 
maica. Some of these are the voices of night bu-ds, the rapid arti- 
culations of the Piramidig, the monotonous call or startling scream 
of the White Owl, the shrill wail of the Dusky Owl, the hoot of 
the Potoo, or the loud and reiterated cries of the Clucking Hen ; 
and some are insect sounds. But, besides these, there are somf 
which are certainly produced by reptiles, though it is difficult to 
identi^ them. Neai'ly every night, at certain seasons, thei'e 
ascends from the woods around Content a continual snoring of 
various tones, the voices of numberless Tree-frogs, or, as they are 
here called, Toads. They ai-e said to reside in the large ven- 
tricose leaves of the greater Wild Pines, especially that fine one 
Tillandiia lingulata, which, about tlie end of July, sends up a 
magnificent fiower, somewhat like a huge carnation, with broad 
outer petals of a rich crimson hue and polished surface, and a cluster 
of smaller interior ones of pale yellow. In the coolness and mois- 
ture of these natural reservoirs, always half full of water collected 
from rains and dews, the Tree-frogs delight to lie, finding in them 
circumstances eminently congenial for the maintenance of cutaneous 
humidity, so essential in these reptiles to rospii-ation. They are 
very rarely seen, and, but for their vctcal powers by night, we should 
scarcely be aware of their existence \ the namtet kcvA Mt\vi?;Ys\i.\\Vi 
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oFtbesG Bounds, however, in tho mountain woods, during tbe hours 
of darkness, prove that they are very abundant. Even when seen 
bf dsj, tboir agility in leaping renders it a. difHcult matter to lay 
hands on them. The sounds in question bear a strong resemblance 
to the objurgations of an inveterate snorer, but are much louder ; 
or sometimes remind one of the groaning and working of a ship's 
timbera in a heavy gale at sea. 

These are probably tlie voices of some of the greater Hyladfe. But 
there are other and different noises still. While I am writing this 
note at Content — it is a lovely night in June — -all around I am sainted 
with strange sounds. Now and then comes tho singularly harsh and 
cracked voice of the Gecko, like the notes of a child's penny trumpet, 
or like a stick drawn across the teeth of a comb : — this I am fami- 
liar with. But I hear another voice, far more abundant, but quite 
unknown to me. It is now (about midnight) coming up from every 
part of the moonlit forest below me, with incessant pertinacity. It 
is a clear shrill note, so like the voice of a. bird, and in particular so 
like that of the Solitaire, that it might easily be taken for it, but for 
the inappropriate hour, and the locality. Like that, it is beautifuUj 
trilled or shaken, and, like it, the individual voices are not i 
same key. As I now listen to the mingling sounds, I dislingi 
two particularly prominent, which seem to answer each other i 
quick but regular alternation ; and between their notes there i 
difference of esactly a musical tone. I have little doubt that t 
is the sexual call of some Tree-frog. The groanings and e 
which are sometimes so incessant, I do not now hear, except ( 
such sound now and then in the course of an evening. — A JSTat 
raiist's Sojourn in Jamaica. By P. H. Goase, p. 35S. 
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1. To JoBM Macdowall, of Wsliingsbaw Foundry, Johnston, in the* 
county of Renfrew, North Britain, engineer, " improvements in cnttilig 
wood and other substances, and in the machinery or apparatus employed 
therein, and in the application of power to the SBme."- — 22d September 
1851. 

3. To Henkiktta Brown, of Long Lane, Bermondsey, widow i 
eiteeutris of the late Samuel Brown, " improveraents in the mann&cta 
of metallic casks and vessels." — 34tli September ISol. 

3. To RoBEKT Newell, of the city of New York, in the United Stat^ 
nf America, lock manufacturer, and a citizen of the said United State! 
" certain new and useful i ill prove menta in tiie construction of locla."- 
I'Jth SeiitemW ISSl. 
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4. Ti) Lakan BitK-EH PiTCHEH, of SyTBCUEe, in the State of New Ynrk, 
aaid United States of America, gentleman, " unprovements in apparatus 
for regolating motive-power engines." — 24th September 1831. 

5. To John Wohhald, of Manchester, in the county of Lancaster, 
maier-up and packer, " improvements in machinery or apparatus fur 
spinning and doubling cotton, wool, silk, flax, or other fibrous anbstances.'' 
— 29tli September 1651. 

6. To Chakles Watt, of Kennington. in the county of Surrey, che- 
mist, " imtirovemente in the decomposing of saline and other substances, 
and separating their component parts, or some of them, from each other, 
also the forming of certain compounds or combinations of substances, and 
also in the sepamting of metals from each other, and in freeing them 
from impurities." — 29th September 1851. 

7. To THOMAii Kenskdv, of Kilmaraook, in the county of Ayr, Korth 
Britain, gun manufacturer, " improvements in measuring and registering 
the flow of water and other fluids." — 29th September 1851. 

8. To Elijah Galloway, of Southampton Buildings, in the county of 
Middlesex, civil engineer, " improvements in steam-engines." — 30th 
September 1351. 

9. To William Johnson, of Millbank, in the city of Westminster, 
gentleman, " improvements in ascertaining the weight of goods." — 
Irt October 1851. 

10. To William Barker, ofHulme, near Manchester, in the county 
of Liincuster, millwright, in the employ of Joshna Sohofield and Sons, 
fiiBlian dyers and fininhers, of Combrook, near Manchester aforesaid, 
" improvements in machinery for chipping, rasping, and shaving dye- 
wood and other umterials, and in apparatus connected therewith." — (itii 
Ootoberl851. 

11. To Henry CtmzoN, of Kidderminster, in the county of Worcester, 
civil engineer, " improvements in the manufacture of carpets and ruga." 
—lOth October 1851. 

12. To Thomas Liobtpoot, of Jarrow Paper Mills, South Shields, in 
the connty of Durham, paper manufacturer, " improvements in machinery 
applicable to the manufacture of paper." — 10th October 1851. 

13. To Gkobqe Robins Booth, of Portland Place, Wandsworth Road, 
Surrey, " improvements in generating and applying heat." — 15th Oc- 
tober 1851. 

14. To William Onions, of Soutliwarlc, in the county of Surrey, en- 
gineer, " improvements in the manufacture of steel." — 15th October 1851. 

15. To Daniel Dalton, of Spon Lane, in the parish of Weatbroom- 
wich, and county of Stafford, iron-founder, " improvements applicable to 
railways." — 16th October 1851. 

16. To Henkt John Betjkmann, of Upper Ashby Street, Northamp- 
ton Square, in the county of Middlesex, " improvements in connecting 
parts of bedsteads and other frames, and in machinery employed therein." 
—leth October 1851. 

17. To Thomas Sanders Bale, of Cauldon Place, in the comity of 
Stafford, china manufacturer, " certain improvements in the method of 
treoting, ornamenting, and preserving buildings and eAiftoet, -sVivAi siA 



impro^'emeiiU are also applicable to other similar purposes."- — 20tli Octo- 
ber 1851. 

18. To WiLLiiM Osiosa, of Southwart, in the county of Surrey, 
engineer, " improvements in the manufacture of nuts and bolts ; also of 
steps, beaiingB, axles, and bushes : also of mills and dies for engraveis ; 
bIso of bells, lathe, and other spindles ; also of weft forks, shuttle 
ton^ies, and lips for looms ; also parts of ngricultoral implements, ehatiu, 
roller-guides, and throstle-bars, by the application of materialB not hither- 
to nsed for these purposes." — 20th October 1851. 

19. To Wid.um: Jeas Jules Varillat, of Rouen, in the republic 
of France, manufacturer, " improvements in the extraction and prepara- 
tion of colouring, tanning, and saccharine matters, from various vegetable 
substances, and the apparotus to be used therein." — 20th October 1851. 

20. To WiLi.iAM Favfcett, of Kidderminster, in the county of Wor- 
cester, " certain improvements in the manufacture of carpets," — 31st 

■ October 1851. 

21. To EoBEKT GaiPFiTHS, of Havre, engineer, " improvements in 
steam-engines and in propelling vessels.'" — 21at October 1851- 

22. To Fbrdebic'k William Mowbbav, of Leicester, gentleman, 
" improvements in machinery for weaving."^21st October 1951. 

23. ToGeobub Ferqusson Wilson, managing director of Priee's Pa- 
tent Candle Company, Vauihall, David Wilson, of Wandsworth, Esq,, 
James Childs, of Putney, Esq., and John Jackbon, of VauihaU, gentle- 
man, all in the county of Sarrey, " improvements in presses and matting, 
and in the process of, and apparatus for. treating fatty and oily matters, 
and in the manufacture of candles and night lights." — 22d October 1851. 

24. To Donald Hendgbson. of Glasgow, ironmonger, " an improved 
apparatus for generating gos, which apparatus may be used for heating 
and other similar useful purposes, and other apparatus for beating and 
ventilating" — 22d October 1851. 

25. To Edwin Deely, and Kichard MonisTFOKD Deely, of ATdnaiq.| 
Bank, in the county of Stafibrd, flint and bottle-glast 
■* improvements in the constroction of furnaces for the manufaotnre 
glass." — 31st October 1^51- 

28. To ALFREft Vincent Newton, of the Office for Patents, 66 Chan- 
cery Lane, in the county of Middlesex, mechanical draughtsnuin, " ea- 
taJn improvements in the construction of railways ;" being a commnni- 
eatioQ.— 4th November 1851. 

27. To William Smith, of Upper Grove Cottages, Holloway, in. the 
county of Middlesex, engineer, " improvements in locomotive and other 
engines, and in carriages used on railways.'' — 4th November 1851. 

2S. To Robert Hyde Greio, of Manchoster, in the county of Lan- 
caster, manufacturer and merchant, and David Uowlas, of Reddish, in 
the county of Lancaster, manufacturer, " certain improvements in mSri^i- 
nery or apparatus for manufacturing weavers' healds or harness ;" being 
a communication.— 4tb November 1851. 

2'J. To Michael Scott, of John Street, Adelpbi, civil engineer, 
provemeuts in punching, rivetting, bending, and shearing metals, and ii 
building ships," — 5th November 1851. 
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3ii. Tu Benj*,uin HiiLLEWKbL, of Leeds, in the county of York, wine- 
mtJFL'hant, " improvement* in drying malt." — 5th November 1851, 

31. To Matthew Gibson, of Wellington Terraco, Newtaatle-upon- 
Tyne, " improvementa in mtichinery for pulveriitiTig and preparing land." 
—7th Noyemher 1851. 

32. To WiLMAM LoNBMAiD, of Besumont Square, gentleman, '' im- 
provements in treating ores and minerab, and in obtaining variouB pro- 
duDts therefrom, certain ports of nhich improvements are applicable to 
the manufacture of alkali." — 7th November 1651. 

33. To AuTOiNE DoMiNiQCE SiBco, of Slough, " ifflproveraents in the 
manufatituro of chuins, and in combining iron with other metal applicable 
to BUch and other manufactures." — -llth November 1851. 

34. To FKEBKaicB Johefd Buamwell, of Millwull, in the county of 
Middlesex, engineer, "improvements in working the valves of ateam- 
eagines for marine and other purposes, and in paddle-wheels." — 12th 
November 1851. 

35. To Hbsry Lcnd, of the Temple, Esq., " improvements in propel- 
ling." — 12th November 1651. 

36. To William Boooett, of St Martin's Lone, gentleman, and 
Oeobbe Holwobtuv Palmee, of Weatbourne Villas, Paddington, civil 
eng^eer, " improvements in obtaining and applying hent and light." — 
14th November 1851. 

37. To Henry Richardson, of Aber Hirnaut Bala, North Wales, 
Esq., ''certain improvements in life boats." — 14th November 1851. 

38. To Jakes Uaqsteb Ltall, of i5 Thurloe Square, Brompton, in 
the cotmty of Middlesex, gentleman, " an improved constmction of public 
carriaga." — Itth November 1851. 

39. To James Pykk, of Westboume Grove, Bayswater, in the county 
of Middlesex, '' improvements in the manufacture of leather, also in 
making boots and shoes." — 17th November 1851. 

40. To HooH BowLSBV WiLr.aoK, of the York Hotel, Blacltfriars, in 
the City of London, Esq.," improvements in the constTiiction of rails for 
ways." — 19th November 1S51. 

41. To Oeohob Tate, of Bantry, in the county of York, gentleman, 
" improvements in the construction of dwelling houses and other build- 
ings, including carriages and boating vessels, and in the propulsion of 
such vessels, and in the adaptation and manufacture of materials for such 

iBea."— 21st November 1851. 

42. To RicHABD Whytock, of Edinburgh, " improvements in apply- 
ing colours to yams or threads and in weaving, or producing fabrics 
when coloured or party coloured yams or threads are employed." — 24th 
November 1851. 

43. To Tbouas Cook, of Preston, in the county of Lancaster, cotton 
manufacturer, and James Mason, of Preston aforesaid, warper, " certain 
improvements in looms for weaving." — ^26th November 1851. 

44. To Thomas Cussons, of BunhiU Row, in the county of Middleaes, 
" improvements in ornamenting woven fabrics for bookbinding and other 
uses,"— 26th November 1851. 

45. Henry Ellwood, of the firm of Eliwood and So'os, o^ ^i«i.\. 
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Charlotte Street, Blackfriars Road, in tbe coimtj of Snire;, wlialeEaJe 
hat manufautureT, " improreniGnts in the maDUlacture of hats and atiier 
coveringa for the head." — 26th Kovember 185i. 

46. To JoQN AsHwoETH, of tfae citj of liriEtol, uiatiager of the Great 
Western Cotton Worka, " certain improvemerla in the method of pre- 
venting and removing incrustation in Gleam boilers and steam generators." 
— 26th November 1651, 

47. To Jonathan Gbindbod, of Birkenhead, in the county of Chester. 
consulting engineer, " en improvement in the machinery for communicat- 
ing motion from steam engines or other motive power, and in the covA 
stmction of rudders for vessels." — let December 1851. 

4B. To William BraDGEs Abahs, of 1 Adam Street, Adelphi, in tbe 
county of Middlesex, engineer, " certain improvements in the constrne- 
tion of roads and nays for the transit of passengers, of materials, and of 
goods; also in buildings, and in bridgesi, and in locomative engines 
and carriages, parts of which improvements are applieuble to other like 
purposes." — 4tfi December 1851. 

49. To GonFEEv Ebmen, of Manchester, in the county of Lancaster, 
ontton spinner, " certain Improvements in the method of, and apparatus 
for, finishing yams or threads." — 8th December 1351. 

50. To James Nasmvth, of Patricrofl, in tbe county of Lancaster, 
engineer, and Robert Minion, of Stoke-upon-Trent, in the county of 
Stafford, china manufacturer, " certain improvements in machinery or 
apparatus to be employed in the manufacture of tiles, brinks, and other 
articles from disintegrated or pnlverised clay." — 11th December 16SI. 

51. To Fbkdkbick William Nobton, of Paisley, in the county of 
Henfreiv, North Britain, manufacturer, "certain improvements 
manufacture orproduction of plain and figured fabrics.'' — 12th Decenil>er 
1851. ' 

62. To John Livebby, of New Lenton, Nottingham, drangW 
'' improvements in the manufacture of textile fabrics, and in machhu 
for producing the some." — 15tb December 1S51. 

53. To John Ccmuinb, of Paisley, in the county of Renfrew, North 
Britain, pattern designer, " improvenentB in the production of surfaces 
for printing or ornamenting fabrics." — 15th December 1851. 

54. To Herman Scurof.deb, of Bristol, gentleman, " iraprovt 
in manufacturing and refining sugar, which improvements are ap|Jicab1 
to evaporating other fluids where a low temperature is 
22d December 1851. 

55. Geohok Gwynne, of Hyde Park Square, in the county of Mid- 
dlesex, Esq , and Gboeor Feboushon Wilson, managing director of 
Price's Patent Candle Company, of Belmont, Vauahall, " improvement* 
in treating fatty and oily matters, and in the manufacture of lampa,, 
candles, night lights, and soap." — 22d December 1851. ' 



Bbbatpm.— At psgo 328 of Vol. LI. of Jonrnal, for accouul given by Mrj 
Monk, read by the author of (be " Crescent i,Dd Ihe Croes." 
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Account of the Observaliotis mkich have revealed lo ua the 
Physical Constitution of the Sun, and that of different Start : 
Examination of the Conjectures of the Ancient Philosophers ; 
and of the Positive Data of Modern Astronomers, concerning 
the Place in which the Sun should be considered among the 
vast number of Stars with which Ike Firmament is strewed. 
By M. Araco.* 

About the middle of last July, astponomeps from the ppin- 

cipal observatories of Europe pepaired to Norway, Sweden, 
Gtermany, and Russia, locating themselves in those towns 
where the eclioae of the sun on the 28th of that month would 
be total. They expected that this phenomenon, studied with 
powerful instruments, would lead to satisfactory explana- 
tions of different appearances observed in previous eclipses, 
and upon which no one had ventured definitely to give an 
opinion. What! may exclaim some fretful individuals, who 
are little acquainted, I suspect, with the history of Astronomy ; 
what ! does the science regarded the moat perfect still supply 
problems fop resolution ; and even concerning the luminary 
around which all the planets revolve 1 la it true, that, in 
many respects, we are not more advanced than were the 
philoaophera of ancient Greece 1 

It has been conceived that these questions should be taken 

* Read at the Annual Public Meeting of the Five Academies of the Frenth 
Initilute, 25th Octoher 1801. 
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194 M. Artbgo on the Physical ConsHtuHon of the Sim. 

into serious consideration. And I have undertaken to pr* 
pare the response, not forgetting bow uninteresting it ma^ 
prove, and that details now become elementary will come 
prominently into view ; but I trust that your indulgence will 
not be withheld from him who is fulfilling a duty. 

A general glance at the works of ancient philosophers and 
modern observers, will prove at once that if the Bun haa 
been studied for two thousand years the prospect has often 
changed, and that during this period the science has r 
immense advances. 

Anaxagoras maintained that the sun was scarcely 1a>v^^ 
than the Pelopenneaus. 

Eudoxius, who was so much esteemed among the ancienbi; 
assigned to the sun a diameter nine times gi'eater than th^ 
of the moon. This was a great advance, when compared wit^ 
the statement of Anaxagoras. Eut the number given by Viifi. 
philosopher of Gnidus is still immensely short of the truth. 

Cleoniidus, who wrote in the reign of Augustus, says that 
his contemporaries the Epicureans, trusting to appearaaceBj^ 
held that the real diameter of the sun did not exceed a fooia, 

Let us compare these arbitrary calculations with the con^ 
elusion deducible from the works of modern astronomeriy; 
executed with the most minute care, and with the assistanciS' 
of instruments of extreme delicacy. The diameter of tli^ 
sun is 883,000 miles ; widely different, as every one will per- 
ceive, from that stated by the Epicureans. 

Supposing the sun to be spherical, its volume is 1,400,000 
times that of the earth. Such enormous numbers not being 
often used in common parlance, and not conveying an exact 
idea of the magnitude they imply, I shall here employ on 
illustration which will enable us better to appreciate the 
immensity of the sun's volume. Imagining, for a momentt 
that the centre of the sun corresponded to that of the earth, 
its surface would not only reach the sphere in which the mocm J 
revolves, but it would extend almost as far again. 

These results, so extraordinary in their immensity, h&vi 
the certainty of the elementary principles of geometry c 
which they are based. 

My subject being so extensive, I shall not in detail iaaA 
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tute a comparison between the results — truly absurd from 
their insignificancy — at whicli the ancienta had arrived regard- 
ing the distance between the sun and the earth, and those which 
modem observations have deduced. I shall even limit my- 
self to remark that it ia demonstrated — and I use this positive 
terra advisedly — that it is demonstrated, since the transit of 
Venus in 1769, that the mean distance from the sun to the 
«arth is 95 millions of miles, and that between summer 
and winter the sun removes itself from us more than three 
million of miles. Such is the distance of the immense 
globe whose jihysical constitution modern astronomers have 
succeeded in determining.^We find nothing in the works of 
ancient philosophers on this subject, which merits a moment's 
consideration. 

Their disputes as to whether the sun is a, pure or impure, 
an extinguish able or un extinguish able fire, not being sup- 
ported by any observation, left in profound obscurity the pro- 
blem which the moderns have tried to solve. 

The progress which has been achieved in this inquiry, dates 
from 1611. At this epoch, little removed from that of the 
invention of the telescope, Fabricius, a Dutch astronomer, 
saw black spots distinctly exhibited on the eastern margin 
of the sun, which moved gradually towards the centre, passed 
it, reached the western margin, and then disappeared for a 
certain number of days. 

From these observations, frequently since repeated, this 
conclusion may be deduced, that the aun ia a spherical body, 
endowed with a rotatory motion, whose duration is equal to 
twenty-five and a half days. 

These black spots are irregular and variable, but well- 
defi.ned towards their circumference; they are sometimes of 
considerable dimensions, some having been seen five times 
the size of the earth ; they are generally surrounded with a 
radiance perceptibly less luminous than the rest of the orb' 
and which has been named penumbra. This penumbra, first 
noticed by Galileo, and carefully observed by his astrono- 
mical snccessors in all the changes which it undergoes, has 
led to a supposition, concerning the physical constitution of 
the son, which at first must appear altogether astonishing. 

■Si 
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According to this view the orb wouH be regarded as a daric 
bodv, surrounded at a certain distance by an atmosphere 
which might be compared to that enveloping the earth wh^i 
compofted of a continuous bed of opaque and refleeUny 
clouds. To this first atmospliere would succeed a second, 
lumiiious in itaelf, and which has been called plwtosphef^ 
This photosphere, more or less removed from the interior' 
cloudy atmosphere, would determine by its circumference tlw, 
visible limits of the orb. According to this hypothesis, 
upon the sua would appear as often as there were found lll> 
the two concentric atmospheres corresponding vacant poiv 
tions, which would permit us to see exposed the dark ceatrol' 
body. 

Those who have studied these phenomena with powerfid 
instruments, professional astronomers, and competent judges, 
acknowledge that the hypothesis of which I have just sp{^eii« 
concerning the physical constitution of the sun, supplies a 
very satisfactory account of the facts. Nevertheless, it ia 
not generally adopted ; recent authoritative works descril 
the spots as scoriEc boating on the liquid surface of the oi 
and issuing from solar volcanoes, of which terrestrial to] 
canoes are but a feeble type. 

It was desirable, then, to determine, by direct obaervali< 
the nature of the incandescent matter of the siyi. 

But when we consider that a distance of 95 millions 
miles separates ua from this orb, and that the only meat 
of communication with its visible surface are luminous va,y\ 
emanating therefrom, even to propose this problem 
an act of unjustifiable temerity. 

The recent progress in the science of optics has, howevi 
furnished the means for completely solving the probl 
My readers will pardon some necessary details which vfi 
render its solution evident. 

None are now ignorant that natural philosophers have 
succeeded in distinguishing two kinds of light, viz,, natural 
and polarized. A ray of the former of these lights exhibits, 
on all points of its surface, the same properties ; whilst, with 
regard to the polarized liglit, the properties exhibited on the 
diffei-ent sides of its rays are different. These discrepanoiai 
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manifest themselves in n multitude of phenomena which need 
iiot here be noticed. 

Before going further, let u8 remark that there is some- 
thing wonderful in the experiments which have led natural 
philosophers legitimately to talk of the different sides of a 
pay of light. The word " wonderful" which I have just used, 
will certainly appear natural to those who are aware that mil- 
lions of millions of these rays can simultaneously pass through 
the eje of a needle without interfering the one with the other. 

Polarized light has enabled astronomers to augment the 
means of investigation by the aid of some curious instru- 
ments, from which great benefit has accrued already, — 
amongst others, the polarizing telescope, or polariecope, 
merits attention. 

In looking directly at the sun with one of these telescopes, 
two white images of the same intensity and the same shade 
will be seen. Let us suppose the reflected image of this orb 
to be seen in water or in a glass mirror. In the act of re- 
flection the rays become polarized, the lens no longer pre- 
senting two white and simitar images ; on the contrary, they 
are tinged with brilliant colours, their shape having expe- 
rienced no alteration. If the one be red, the other will be 
green ; if the former be yellow, the latter will present a 
violet shade, and so on ; the two coloiirs always being what 
»re called complementary, or susceptible, by their mixture, 
of forming white. By whatever means this polarized light 
has been prodmed, the colours will display themselves in the 
two images of the polarizing telescope, as when the rays have 
been reflected by water or by glass. 

The polarizing telescope, then, furnished a very simple 
means of distinguishing natural from polarized light, 

It has been long believed that light emanating from incan- 
descent bodies reaches the eye in the state of natural light, • 
when it has not been partially reflected, nor strongly refract- 
«d| in its passage. 

The exactitude of this proposition failed, however, in certain 
points. A member of tiie Academy has succeeded in discover- 
ing that the light emanating under a sufficiently small angle, 
from the surface of a solid or liquid iticandeaceu^iVmA-j, «n«i\ 
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when mipolialied, presents evident marks of polarizatiou ; so 
tbat in passing tlirougli the polarizing telescope it ih decom- 
posed into two coloured pencils. 

The light emanating from an inSamed gaseous substance, 
such as that which now-a-days illuminates our streeta and 
our shops, on the contrary, is always in its natural state, 
whatever may have been its angle of emission. 

The means used to decide whether the substance whieli 
renders the sun visible is solid, liquid, or gaseous, will b*' 
nothing more than a very simple application of the foregoing 
observations, in spite of the difficulties which appeared to 
flow from the immense distance of the orb. 

The rays which indicate the margin of the disc have evi- 
dently issued from the incandescent surface under a very 
small angle- The question here occurs : The margins of 
the two images, wliich the polarizing telescope fumishea, 
do they, when viewed directly, appear coloured t — ^tben, 
light of these margins proceeds from a liquid body ; for any 
theory which would make the exterior of the sun a solid body 
ia definitively removed by the observation of the rapid chang- 
ing of the form of the spots. Have the margins maintaine^J 
their natural whiteness in the glass 1 then they are neoei 
sarily gaseous.* 
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* The iiicandejcent Ijodies ivliicli havp Lcoti Btuilied by a polariacopa, tho 
light being pmitled under different angiee, are the following : — Of Bolids, forged 
iron and platina; of liquids, fWed iron luid glssa. From these eiperimenta it 
may be eaid, jaa bave a right to affirm, that the aim is neither {need ii 
glass ; but what authoritj have jou further to generiiliie I Mj respooBB 
Following the two explanations whichhave been given of thaabnormal polu 
tioD nhich presents rays emitted under acute angles, all ougbt ti 
vith the oiceptioQ of the quantity, whatever be tbe liquid, provided Uiat 4 
surface of emergence has a sensible refleeting power. There would remain oi 
the case in which tbe incandescent body would, as to its density, be Bnalogon 
to H gas ; HiS. for example, the liquid of an almost ideal rarity, which many gi 
metricians have been led to place hypothetically at the extren 
atmosphere, where the phenomena of polarisation and of coloriwition may- p 
faipe diasppeur. 1 am not ignorant that I should add a vnlue to the eiparid 
ment reported in the text by discussing It in a photometrical jioini 
I possess (he materials for such an examination, but this is not the place for 
pursuing it. 

/ fhall, bowev-er, nnticipatc a difficulty which mii; suggest itHelf. It ougiil b 
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Obsei-vations made any day of the year, looking directly at 
the saD, with the aid of powerful polarizing telescopes, exhibit 
no trace of colorization. The inflamed substance, then, which 
defines the circumference of the sun, is gaseous. We can 
generalize this conclusion, since, through the agency of rota- 
tion, the different points of the surface of tlie sun come in 
succession to form the circumference. 

This experiment removes out of the domain of simple hypo- 
thesis the theory we have previously indicated concerning the 
constitution of the solar photosphere. We assuredly find, 
neither in the arbitrary conceptions which are the results of 
the brilliant iraagmation of the ancient philosophers of 
Greece, nor in the extant works of the most celebrated 
astronomers of the Alexandrian school, any thing which, 
even by a forced assimilation, can be compared to the results 
which I have just advanced. These results, let it be loudly 
proclaimed, are entirely due to the uoited efforts of the 
observers of the seventeenth and eighteenth centuries, and 
also in a certain measure to those of our contemporary 
astronomers. 

And here let me make a remark, which, when endea- 
vouring to determine the physical constitution of the stars, 
we shall have occasion to apply. 

If the material of the solar photosphere were lii^uid, if the 
rays emitted fi-om its margin were polarized, the two images 
iurnished by the polarizing telescope would not only be 
coloured, but they would be different in the difl'erent parts of 
the circumference. Is the highest point of oije of these images 
red, the point diametrically opposite will be red also. But 
the two extremities of the horizontal diameter will each ex- 
hibit a green tint, and so on. If, then, one succeeds in con- 



be otaerTed, that tlie lights proceediog from twa liquid Bubstances, may, aecord- 
ing to the special nature of these substiLQces, not be identicBl in referencs to 
the number >diI the poaitioo of the black liands of Frounhofer, and which tbelr 
priunatiG huea aSet to the eje of the pbilosophar. 

ThfiBO diMrepanuiea ore of a nature to he considerahly augmented by the 
diffarentlj-constituted atni(»pberoB tlLrough which the raya have to travel be- 
fl>w rottcbing the ohaerHT.--(rAij no(« Kat not read at Ihf yuUie muting of 
tht tSth Bf O^lobii:') 
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centrating to a single point the rays emitted from all parts 
of the sun's limb, even after their decomposition in the 
polarizing telescope, the mixture will be white. 

The constitution of the sun, as I liave just established it, 
mayequally well serve to explain how, on the surface of the orb, 
there exist some spots not black but luminous. These have 
been called faculm. Galileo was the first to observe them. 
The others, of much smaller dimensions, and generally round, 
were discovered by Scheiner, and by him named lucules. 
These latter cause the surface of the sun to appear spotted. 

It ia a singular fact ; but I might trace the origin of the 
discovery of one of the principal causes of the /acul(E and 
Incules to an administrative visit to a shop of novelties situ- 
ated on our boulevards. 

" I have to complain," said the master of the establish'- 
ment," of the Gas Company ; it ought to direct on my 
the broad side of the bat-wing burner, whilst, by the 
lessneas of their servants, it is often the edge which 
directed on them." "Are you certain," said one of the 
ants, " that in that position the flame gives less light thi 
in the other V The idea appearing ill-founded, and, I wouli 
even say, absurd, it was submitted to accurate experiment; 
and it was determined that a 0ame shed upon any object as 
much light when it illuminates by its edge as when its broad 
surface was presented to it. 

Thence resulted the conclusion, that a gaseous incande*' 
scent surface of a determined extent is more luminous wbeB' 
seen obliquely than under the perpendicular incidence. CoH' 
sequently, if, like our atmosphere, when dappled with cloud^j 
the solar surface presents undulations, the parts of thesfl 
undulations which are presented perpendicularly to the ob- 
server must appear comparatively dim, and the inclined por- 
tions must appear more brilliant ; and hence every conic 
cavity must appear a lueule. It is no longer necessary in 
accounting for these appearances, to suppose that there exist 
oil the sun millions of tires more incandescent than the rest 
of the disc, or millions of points distinguishing themselves 
from the neighbouring regions by a grenler accumulation ol 
luminous matter, 
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After having proved that the sun ia composed of a dark 
central body, of a cloudy-reflecting atmoaphere, and of a pho- 
tosphere, ^y^ should naturally ask if there is nothing besides ; 
if the photosphere terminates abmptly and without being 
surrounded by a gaseous atmosphere less luminous in itself, 
or feebly reflecting l Generally, this third atmoaphere would 
disappear in the ocean of light with which the sun always 
appears surrounded, and which proceeds from the reflexion 
of its own rays upon the particles of which the terrestrial 
atmosphere is composed. 

A means of removing this doubt presented itself ; it was 
selecting the moment wherein, during a total eclipse, the moon 
completely obscures the sun. 

Almost at the moment when the last rays, emanating from 
the margin of the radiant orb, disappeared under the opaque 
screen fonnod by the moon, our atmosphere, in the region 
ivlLich is projected between the moon, the earth, and the 
neighbouring parts, ceased to be illuminated. 

Every one now knows what was the principal object of the 
astronomers, who in 1842 repaired to the south of France, to 
Italy, to Germany, and to Russia, where the eclipse of the 
aun of the 8th of July would be total. 

In all our researches, innumerable unexpected appearances 
invariably present themselves : thus the observers were not 
a little surprised when, after disappearance of the last direct 
rays of the sun behind the margin of the moon, and after the 
light reflected by the surrounding terrestrial atmosphere had 
also disappeared, to see rose-shaped prominences from two 
to three minutes in height, dart, as it were, from the circum- 
ference of our satellite. 

Each astronomer, following the usual bent of his own ideas, 
anivedat an independent opinion regarding the cause of these 
appearances. Some attributed them to the mountains of the 
moon ; but this hypothesis would not bear a moment's exami- 
nation. Others wished to discover in tliem certain effects of 
difiractionor of refraction. But the touchstone of all theories 
is calculation ; and uncertainty the most indefinite must fol- 
low, in reference to tbeir application to the remarkable phe- 
nomena specitied, those, namely, of wbieb we \\o.\« ^\v%\,Vftfttv 
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speaking. Explanations giving neitlier an exact account oH 
the height, the form, the colour, nor the fixity of a phenom«fl 
non, ought to have no place in science. A 

Let us come to the idea, much extolled for a short tioifM 
that the protuberances of 1642 were solar mountains, wboajH 
summits extended beyond the photosphere covered by thd 
moon at the moment of observation. fl 

Following the most moderate computations, the elevatioO'i^ 
above the solar disc of one of these enmmits, would have J 
been 19,000 leagues. I am well aware that no argumeatj 
because based on the vastness of this height, should lead toa 
the rejection of the hypothesis. But it may be much ahakeol 
by remarking, that these pretended mountains exhibit consi^ 
derahle portions beyond the perpendicular, which, consa-J 
qnently, in virtue of the solar attraction, must have falle^| 
down. fl 

Let us take a rapid glance of a fourth hypothesis, accord-^ 
ing to which the protuberances would be assimilated to sohucd 
clouds floating in a gaseous atmosphere. ^k 

Here we find no principle of natural philosophy to preveidfl 
our admitting tlie existence of cloudy masses from 70,00dfl 
to 90,000 miles in length, with their outline serrated, an^fl 
assuming the most distorted forms. Only in further pur-fl 
suing this h)'pothesis, one could not fail to be astonished tbatfl 
no solar cloud bad ever been seen entirely separated fronM 
the circumference of the moon. ^ 

It is towards this determination, the subject otherwisofl 
eluding us, that the researches of astronomers should be di^| 
reeled. fl 

A mountain being incapable of sustaining itself without in 
base, the fortuitous observation of a prominence, separatedH 
in appearance from the margin of the moon, and, goqb&^ 
quently, from the real margin of the solar photosphere, shonl^M 
be sufficient utterly to overthrow the hypothesis of solatn 
mountains. -^^ 

But let it be distinctly remarked, that it is not with aatrowl 
nomical researches as with those of chemists and mechanical ■ 
philosophers ; these latter can at will vary the conditionsl 
under which fhey operate, and which may change the natuivl 
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the reswUs. But astronomers exercise no influence over 
he phenomena which they study ; they are obliged to wait 
imetimes for centuries until t!ie celestial bodies present 
lemselves in & favourable position for the resolution of a 
ifficulty. 

On this occasion, however, the doubts raised by the obaer- 
ratjons of 1842 have already, in the course of last year, been 
lubjected to a new experimental examination. An eclipse 
Df the sun was announced to occur on the 8th of August 
.850, which was to be total in the Sandwich Islands. 
The captain of the ship Bonnard, commanding our station 
' Otaheito, entertained the happy thought of sending M. 
!ut8cki, superintendent of roads and bridges, to Honolulu, 
I the island of Taheite, the capital of the Sandwich Archi- 
leUgo. 
The account which we have received from this skilful ob- 
rver, contains the following sentence :-^" The slender and 
reddish striated appearance which was found near the north- 
em prominence seemed to he completely detached from the 
margin of the moon." 

Still later, in the eclipse of 28tli July 1861, Messi-s Mau- 
aia and Goujon of Dantzic, and the celebrated foreign as- 
tronomers who had repaired to different parts of Norway, 
Sweden, and the north of Germany, saw in all the selected 
Htations without exception, a spot uniformly red and sepa- 
rated from the limb of the moon. 

The observation of M. Kutscki, and the corresponding ob- 
servations of 1851, put a definite termination to the expla- 
ns of the protuberances, founded on the supposition 
that there existed in the sun mountains whose summits 
would reach considerably above the photosphere. 

When it shall have been clearly demonstrated that these 
luminous phenomena cannot be the effect of the inflexions 
■which the solar rays might experience in passing near the 
rough parts which fringe the circumference of the moon ; 
when it shall have been demonstrated that these rosy tints 
cannot be assimilated to simple optical appearances, and 
have, in truth, a real existence, that they are not real solar 
elouda, it will then be necessary to add a new sAnw^^Wtft \» 
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the two of which we have just apoken ; for these cloads caiM 

not be sustained in vacuo.* '9 

Every one now knows the uncei-taiDty which still remaiifl 

upon one point, truly remarkable, concerning the physical 

constitution of the sun. "When we think that the phenom6t^| 

which might decide all doubts are habitually invisible, thi^| 

they cjin only be seen during total eclipses of the sun, whieH 

total eclipses are of rare occurrence, so much so, that 8in^| 

the invention of telescopes the astronomers of Europe a^H 

America have scarcely had an opportunity aatiafactorily ^M 

observe six ; no one will be astonished that in the middle oM 

the nineteenth century the question raised by the myaterioa^ 

red flames upon which so much has been said, still reni^^| 

to be investigated. ^^ 

After these explanations, the length of which I must ba| 

m you to excuse, we shall indicate. In a few words, by what seri^P 

■Iff measurements and deductions, science has succeeded in 

^pxing the true place of the sun in the totality of the universe. 

■ Archelaus, who lived in the year 448 B.C., was the last:| 

n^iloaopher of .the Ionian sect ; he said, regarding the Bun,-'>4 

' -* That these cloads maj be sustainEd i'r vamo, it is neceEsary that the cell^ 
trlfugal force reaultiiiK ftom their cicculiir movement shall incesiaDtlj eqml 
the gravitation which would causa them to fall towards the gun. tine would 
need to tran^fonn thtni into real planets, revolving with estreme rapidi^ 
uround the sun. Such, in substance, is the explanation of the prominen ~ ~ 

1842, which M. Babinet has given ac the meeting of the Acedem; of Sci«i 
on the IGth of February 181G. 

The reader will perceive, in the memoir of the learned Acadoraici 
geniouB considerations upon which this theory is bused, and how aj 
is to the cosmogonic pystem of Laplace, 1 think, now tbat ttie p 
hu been minutely observed, that M, Dablnet will find more than one diffiorfl 
in reconciling the immense velocity which b« is aompcHed to attribute to tiM 
matter of the prominences, with the lelotive immobility of those which ba.Yt 
lieen observed in 1851, and the change of height wliich they have presented. 
These difficulties will no longer exist when the spots are assimilated to clc 
floating in a solor ntmoaphere, endowed with a sliglit rotatory movement, 

I would, moreover, remark, thfit the eiistenee of thie lliird almoaplier 
KStabliphcd by phenomena quite of another nature, namely, hy the companttU 
intensity of the border and the centre of the sun, and also In some reapeols JJ 
lodiacal light, so perceptible iu our climate during the equiuosos. But t 
question, considered from thij point of view, require! details from wbicb I li 
fdroed to abstain. 




M. Arago on the Phgrical ContHhttion of the <Sk». 205 

It ia a star, only it surpasaes in size all the other stars." 
He conjecture, for what is not based upon any measuremeDt, 
T any observation, deserves no other name, was certainly 
ery bold and very beautiful. Let us pass over an interval 
f more than two thousand years, and we shall find the rela- 

in of the sun and the stars established by the labours of 

e moderns, upon a basis which defies all criticism. 

Daring nearly a century and a half, astronomers endea- 
(oured to determine the distance between the stars and the 
; the repeated failures with which their researches 
e atitemled, seemed to prove that the problem was insolv- 
jble. Eut what obstacles will not genius, united to perseve- 
'ance, overcome? Wehavediscovered within a very few years 
lie distance which separates us from the nearest stars. This 
e is about 206,000 times the distance of the sun from 
ihe earth, more than 206,000 times 95 millions of miles. 
Fhe product of 206,000 by 95 millions, would be too mucli 
above the numbers we are in the habit of considering, to 
varrant its annunciation. 

Tbia product will still more strike the imagination, when I 
refer to the rapidity with which light travels. Alpha, in the 
constellation of the Centaur, is the star nearest the earth, if it 
be allowable to apply the word near to such distances as 
those of which I am about to speat. 

The light of Alpha, of ihe Centaur, takes more than three 
years to reach us, so that were the star annibilated, we 
should still see it for three years after its destruction. Re- 
cal to your recollection that light travels at tlie rate of 
192,000 miles in a second ; that the day is composed of 
!6i400 seconds, and the year of 365 days, and you will feel 
as thunderstruck before the immensity of these numhers. 
Fnmished with these data, let us transport the sun to the 
Iplace of this, the nearest star, and tlie vast circular disc, 
which in the morning so majestically rises above the horizon, 
and In the evening occupies a considerable time in descend- 
ing entirely below the same line, would have dimensions 
almost imperceptible, even with the aid of the most powerful 
telescopes, and its brilliancy would range among tlie stars of 
the third magnitude. You thus perceive what has b«(»i\ft.'4 
f the conjecture of Archelaus. 
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One may perhaps feel humiliated by a resnlt which redud 
BO far our position in the material world ; but consider t 
man haB succeedeii in extracting everything from his own. ^ 
resources, whereby he is elevated to the highest rank in i 
world of thought. Astronomical examinations, then, migl 
almost excuse, on our part, some little vanity. 

But I must not follow modem astronomers in their ifl| 
mortal peregrination through the multitude of suna whicJ 
shine in the firmament. 

We must first, then, see to determine, with the help of their 
instruments, the relative position of these stars, cataloguing 
a hundred thousand of them ; we know that Pliny the elder 
was astonished that Hypparchus had tried to observe 1023, 
and compared it to the work of a god. J 

We would remark, that in recent works of complete KBtnl li 
catalogues, we shall find that the number of stars visible to- 1 
the naked eye in a single hemisphere, namely, the northern, I 
is under three thousand. A certain result, and one which,] 
notwithstanding, will strike with astonishment, on accoun^ 
of its sraallness, those who have only vaguely examined tb^| 
sky on a beautiful winter night. ^M 

The charactei" of this astonishment will change, if we prtlH 
ceed to the telescopic stars. Carrying the enumeration tifl 
stars of the fourteenth magnitude, the last that are sea^| 
by our most powerful telescopes, we shall find by an eatJmat jM 
which will furnish ua the minior limit, a number superior ti^H 
40 millions (40 millions of suns ! !}, and the distance from th^| 
farthest among them is such, that the light would take iroilH 
three to four thousand years to traverse it. ^M 

We are, then, fully authorised to say, that the lumitioinH 
rays — these rapid couriers — bring ua, if I may so expresa i^S 
the very ancient history of these distant worlds. ^| 

A photometric experiment, of which the first indicBtiofi^| 
exist in the Cosmotheoroa of Huygens, an experiment resumejH 
by Wollaston a short time before hia death, tenches us tha^| 
20,000 millions of stars the same size as Sirius, the most bril^fl 
liant of the firmament, would need to be agglomerated tdfl 
shed upon our globe a light equal to that of the sun. H 

Guided by the penetrating genins of William Hersohel, W^| 



M. Arago on the Physical ConttituHon of the Sun. 

shall exaif ine the stara which nearly touch each othev ; and 
this gi-eat astronoraei- -will prove to us, that these stars which 
are in some way coupled together, do not appear near eacli 
other solely by the effect of perspective, but that they are in 
a atate of mutual dependence, and circulate round their com- 
mon centre of gravity in a short time, which, in certain cases, 
has been already determined. 

In observing that these double stars are of very dissimilar 
colours, our thoughts naturally turned to the inhabitants of 
the obscure and revolving planetary bodies which apparently 
circulate round these suns; and we would remark, not with- 
out real anxiety for the works, the paintings, of the artists 
of these distant worlds, that to a day lightened by a red light, 
succeeds not a night hut a day, equally brilliant, but illumi- 
nated only by a green liglit. 

The comparison of the positions of the stars determined at 
different epochs, proves that they have very erroneously been 
calledjijred ; that they move in space in different ways, bo that 
in the long-run the present form of the constellations will be 
completely changed ; that the absolute speed of these stars 
is unequal, but that it has been ascertained, with regard to 
one of them, with complete certainty, that it moves 20 leagues 
per second ; that the sun, in this respect resembling all the 
other stars, is not immoveable, and draws after it the train 
of planets with which it is surrounded. 

We must be struck with the inequality of the distribution 
of the stars in the celestial sphere. There, we see more than 
20,000 of them in a superficial space equal to the tenth port 
of the apparent surface of the moon ; here, in a space of the 
same extent, not & single luminous speck will be perceptible, 
even with the best telescopes. 

After having carefully glanced over the luminous matter 
scattered over such immense spaces, and which by its agglo- 
meration, continued during centuries, seems to have produced 
new stai's, we would discuss the vast ideas of "Wright, Kant, 
Lambert, and William Herschel, upon the constitution and 
dimensions of the milky way. In short, some additional steps 
in astronomical conjecture, that is to say, in that branch of 
spience founded only on imposing prababilitioa and natu.ca.V 
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generalizations, will imreil phenomena, which, by their am 
ture, or the immensity of the numbera which measui'e them 
will tlirow the most firm minds into a sort of vertigo. 

But abandoning these specuiationa, however worthy thejl 
may be of admiration, we ahall come back to the chief qaestaoi 
which I have proposed to treat in this accoant, — to try, ; 
possible, to establish a connection between the physical natui 
of the Him and of the stars. 

We have sueceeded, by the help of the polarizing teleacc 
to determine the nature of the substance which compoaeBfl 
the solar photosphere, because by i-en.son of the great appa- 
rent diameter of the orb we have been able to observe sepa- 
rately the different points of its circumference. If the s 
were removed from us to a distance where its diameter woi 
appear as small to us as that of the stars, this metboi 
would be inapplicable. The coloured rays piNjceeding from 
the different points of the circumference would then be in-^J 
timately mixed, and, we have said already, that their mixtures 
would be white, 

It appears, then, that we must not apply to stars of imper^ 
ceptible dimensions the process which so satisfactorily con-j 
ducted us to the result in regard to the sun. There arsA 
however, some of these stars which supply us with the meai 
of investigation. I allude to the changing stars. 

Astronomers have remarked some stars whose brill ia 
varies considerably ; there are even some which, in a verj 
few liours, pass from the second to the fourth magnitude pi 
and there are others amongst which the changes in intensity 
are much more decided. These stars, quite visible at certain 
epochs, totally disappear, to reappear in periods longer or 
shorter, and subject to slight irregularities. 

Two explanations of these curious phenomena present 
themselves to the mindj the one consists in supposing that 
tlie star is not equally luminous on all parts of its surface, J 
and that it experiences a rotatory movement upon itself;! 
tliuB it is brilliant when the luminous part is turned towardKa 
us, and dark when the obscure portion arrives at the t 
position' 

^ to the other hypothesis, an opaque, and, im 
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itself, non-luminoiis Batellite, circulates round the star and 
EftilipaeB tt periodically. 

In accordance with one or other of these suppositions, the 
light which is exhibited some time before the disappearance 
or before the reappearance of the star has not- issued from 
all the points of the circumference. Hence, there can be no 
doubt of the complete neutralisation of the tints of which we 
have just spoken. 

If a changing star, when examined by a polarizing tele- 
LScope, remains perfectly white in all its phases, we may rest 
assured that its light emanates from a substance similai- to 
our clouds, or our inflamed gas. Now, such is the result of 
the few observations that have hitherto been made, and which 
it will be highly useful to complete. This means of investi- 
gation demands more care, but succeeds equally well, when 
applied to those stars which experience only a partial varia- 
tion in their brilliancy. 

The conclusion to which these observations conduct us, 
and which we may, I think, without scruple generalise, may 
be announced in these terms : Our sun is a star, and its 
physical constitution is identical with that of the millions of 
stars with which the firmament is strewed, 

I have thus endeavoured, according to the plan which was 
previously assigned me, to give a sketch of all that we now 
know relative to the volume, the distance, and the physical 
constitution of the immense globe whence we derive our light. 
This sketch, in its circumscribed limits, will suflice to unde- 
ceive those who thought it a duty to call in question the im- 
portance and the certainty of the results obtained by modern 
Dbservera. 

If candid, they will recognise, that, in the history of the 
progress of our knowledge — a progress undoubtedly indefinite 
— the labours of the astronomerB of the nineteenth century 
will not pass unnoticed. 

Aa to critics, who have not been inspired by a love of 
truth, they do not merit a moment's attention from this 
■ assembly ; and as for myself, I cannot but despise them. 
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I. 

Opening of the, Gorertimenl Sehool of Mines, and of Science 
applied to the Arlt. 

This important National Establishment was lately opeat 
by Sir Henry de la Beehe, C.B., F.R.S., Ac, the Director- 
General, and its main founder, in an Inaugural Discomrse, in 
which he gave a lucid and interesting account of its nature 
and objects. He mentioned the following as the branches of 
knowledge to be taught, viz.. Chemistry, Natural History 
applied to Geology, Mechanical Science, Geology, Metallurgy, 
Mineralogy, and Mining, by means of a staff of able and 
distinguished Professors, who have at their command an ex- 
tensive and very valuable Museum of Practical Geology, with 
complete and amply-furnished Chemical Laboratories, an 
Office of Mining Records and of Geological Surveys. That 
Sir Henry has been fortunate in the selection of ProfcBsoi 
is shewn by the names in the programme of the School, 
II. 

Copies of several of the Introductory Lectures delivei 
in the Museum of Practical Geology of the School of Mines 
have reached us. We now lay before our readers one of 
these, as a specimen of the style of lectures delivered in this 
promising establishment. It is the excellent lecture of our dis- 
tinguished friend and former pupil, Pi-ofesaor Edward Forbes, 
" Ott the Relations of Natural History to Geology and the Arti.'' 

" Katural History is a vast and continually-extending science. It 
embraces Zoology, Bota^ny, and much of Geology. The sections of 
it are subdiyidad into studies, each of which, if pursued to its full 
development, would more than occupy a lifetime. No stngte man 
can, in the present state of knowledge, grasp the details of all the 
natural hietory sciences, or even of one of their great sections. But 
the principles that pervade all are the same. The same laws govern 
the animal and vegetable kingdoms. The same laws regulated the 
phenomena of animal and vegetable life through the geological past 
that now regulate them in the historical present. That such is true, 
is for tjie naturalist to demonstrate. The zoologist, the botanist, 
and the geologist contribute the elements of the demonstration, but 
the great pervading principles of the entire science demand a com- 
bined study of the three kingdoms of nature. The taak assigned 
to me in this Institution is the exposition of these principles ; their 
illustration, by examples drawn from existing and extinct forma of 
life ; and the teaching of surK AetaWe ai iikAci^"j a.n\\itAMi^, cecei " 
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and fossil, as are necasearj to the accurate conduct oi' geological re- 
Bearch, and liave thereby a practicul and economic bearing, through 
tha certainty they give to geological determinations. A second and 
diitinctduty, horaafter to be performed, will be the illustration of the 
'itppiicaCion of natural history knowledge to the ails and manufactures. 

Of all the departments of the educational system adopted in this 
.Institution, mine is apparently the least practical. The chemist, 
tlie metallurgist, the mechanician, come directly into contact with 
the arts and their votaries. The miner furnishes the materials 
which so much of the riches of England is derived. The geo- 
lo^st investigates the structure of the country, and thus gires cer- 
tainty to the operations of the engineer, develops new sources of 
mineral and agricultural wealtJi, and prevents the expenditure of 
capital in wrong direations. All men understand why the manu- 
facturer and artisan are indebted to the chemist and metallurgist, 
whose obligations to the miner and the geologist ara too evident not 
■to be freely acknowledged by themselves and those who benefit by 
their pursuits. But the naturalist seems to work apart from practi- 
cal men. His duties are performed behind the scenes, and make nu 
conspicuous show. His share in the work can be fully appreciated 
only by the geologist, whose requirements necessarily lead him into 
the palajontological laboratories. Like a labourei' among the foun- 
dationB of an edifice, he is unseen hy the crowd who admire the 
beautiful superstructure, though without his labour the building 
would be unsafe and incomplete. It needs but a brief argument to 
prove this to an intelligent audience. 

That geology is an essential element of a scientiGc mining educa- 
tion is obvious at first thought. That natural history should be, 
may not seem so evident to persons as yet unversed in geology. 
That paleontology is an essential element of geological science, no one 
who is acquainted with the rules by which the relative ages of sedi- 
mentary rocks are determined will deny. And that palfeontology, 
^art from natural history, is empirical and false, and has no claims 
to the dignified title of science, every intelligent student of organic 
retnaias will maintain. Therefore, the teaching of the study of 
fossils in this Institution is to be conducted with constant reference 
to, and comparison with, living organisms ; #t by no other method 
can we hope to gain an insight into the history of the manifestations 
of life during the geological past, such as is necessary for the truly 
BoientiBc, and, consequently, safely practical, study of geological 
science and its applications. 

The value of natural history as an educational science has been 
but partially recognised in Britain. In our schools and colleges, 
the chief cultivation has been directed to the nurture and training 
of the memory, tlie reasoning powers, and taste; not always by the 
moat judicious methods. Observation, a faculty upon the correct 
exercise of which the value of the others in a ^TcaX t 
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the pupil. The time, I truat, will yet come wi,„ gygrj student wilT 
' be required to educate his observing powei-s throi.^ the ageiwy of 

these delightful branches of study. 

The earliest efforts of infant intellect are directea towards the 
obseiTation of natural objectB. Animals, plants, minerals, are col- 
lected by theschooiboy, who delights to note their shape andfluali ties, 
and rudely to compare and classify. But the thirst for natural know- 
ledge thus early and unmistakeably manifested, is rudely qute*^ 
by unpidatable draughts of scholaittic lore, administered too 
a taatlesB pedagogue, who, blind to the indications of a true col 
of education, thus plainly pointed out by liumnn nature, develoj 
itself according to the laws of its own God-given constitution, pr 
and trims, binds and cramps, the youthful intellect into ti'aditi 
and fantastic shapes ; even as the gardeners of a past age torture 
shrubs and trees into mbnstrous outlines, vainly fancying to impro*^^ 
their aspect, arresting the growth of the spreading boughs and the^ 
budding of the clustering foliage, mistaking an unhealthy formality i 
for beauty. Far be it from me to disparage the educational value ' 
of the glorious literature of Greece and Rome, or to withhold due 
honour from the many able and learned men who give dignity to 
their profession as educators. To them I would appeal for the rec- 
tifying of the evils of a one-sided education. I would implore them, 
in the name of Aristotle, the greatest of naturalists, and most ad- 
mirable of observers — how great uthorwise none know better than 
they do — to avail themselves of that science upon which he laid so 
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wudk Btreas, and through it to rultivate tiiose tracts ol' tlie niiiid ol' 
lyouth that now He fullow itnd unproductive. 

Z speal; tlius Bti*ongly reapecling the neglect of the soienoes uf 
lobservaiioa in the oi'dinary practice of education in England, becaueo 
it is too probable that in it lies one of the chief difficulties with which 
•schools uf applied sciences will have to contend in the outset. The 
jnidiments of science should be tauglit elsewhere, Tiie student should 
4onie prepared with a groundwork of elementary training, whicli 
ibere is'too much reason to fear, in the present condition of schools 
uid schoolmasters, he will have great difficulty iii obtaining;. The 
Iraining for scientific study should be effecWd in preparatory schools. 
The teaching here should consist in the communication of scientific 
'luowledge, and in the elucidation of the applications of it. But wo 
mIo not despair. The events of this year have gone tar to awaken 
Knglishmen to the consciousness of the dignity that is inherent in 
those pursuits which have made thcii' country so powei-ful among 
nations. The union of practice with science is the sureiit way to 
keep her strong position. Through the operation uf well-devised 
;«ducaCional establishments only can that union be cemented, and 
future results secured, 

In the scheme of education adopted by the School of Mines, it 
will be observed that palieontalogy is regarded us inseparable from na- 
I tur&l history. 1 have already said that the study of organic remains, 
-conducted independently of the study of living organisms, ia essen- 
Ciaiiy empirical and injurious to science. The value, the interest, the 
AuientiSc and practical importance of fossils, depend entirely on the 
knowledge of their true nature, which we gain through a comparison 
of them with their existing homologues and analogues. That compa- 
rison cannot be understood unless we make ourselves acquainted with 
>lbe habits and orgajiisation of the living types with which fossils muBt 
be compared. There are now nearly 30,000 kinds of fossils known and 
.described ; these have been discovered in formations of all epochs. 
-Some of them are the remains of beings that lived at immeasurable 
^^stances of time, — some of them are the skeletons of creatures that 
.floarished along with the ancestors of species now eiisting. Yet all ra- 
i4e>Fches hitherto made have gone to shew that every form of extinct 
-Ufa was a member of the same great series ol^eings wiih those which 
VKW inhabit our world, — that the laws of organisation and the laws 
l{ life were the same in the primeval epocl^s of Preadamite time as 
m, — that the same great universal thought has miiquely pervaded 
6 one great creative action, — that the repeated manifestations of 
B power during successive ages have ever announced the ono 
t idea. 

lot an uncommon fancy to suppose that naturaliats are occi 
rely with the naming and describing of the kinds of 3iuui», 
i plants ; that, pi-ovided they can enumerate in clear thou^i t«ch- 
il language the characteristics or features of * lrei.ti« '.iil>ro,\vv.A 
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to their eKaminations, usually in the state of & presecved specimeil, ' 
and, on Jlscovery of the speciea being one hitherto unnoticed, give 
it a name by which it may be remembered by their brother natural- 
ists to the end of time, or thereabouts, they have attained all their 
aim, and fulfilled all their ambition. This notion of their duties 
and offices is a libel. It takes note of only a fragment of their 1 
labours. To name and describe are but to enrol an object, with sf 
true spelling and clear definition, in the great dictionary of science. * 
Words in dictionaries are exhibitions of the raw materials out of* 
which literature is made ; and species arranged in zoological and 
botanical systems are orderly and beautiful displays of the raw mate- 
rials of natural history science. Words may be wasted, and species 
misused. But the study of species, which is the basis of all natural 4 
history science, does not take note merely of their eiternal oi 
their internal organisation. It deals also with their relations ti 
ditions in time and space. It seeks out the epoch of their first ap- 
pearance, and traces them through their diffusion under favouring, 
or limitation and final extinction under unfavourable influence. It 
searches for the causes inherent to their organisation, by which, of 
two similar yet not identical creatures, the one has the power to J 
battle with varied and very different forces, to maintain a vitality 1 
that braves the dura.tion and complicated arrangements of several I 
successive epochs, and, daring alike the freezing cold of the poles 1 
and the feverish warmth of the equator, to spread its individuals '1 
over more than half the world. Whilst the other, distinguished, it • 
may be, from its congener by some apparently slight and useless A 
difference, — though the mark be an indelible brand by whidi nature I 
has stamped that member of her flock, and that only one, — is incapaUe A 
of aasuniing protean variations, or of enduring a slight change ii 
physical conditions under which it first appeared. It enjoys a fleet- i 
ing existence during a short segment of time; dies out ere it has 
spread beyond a mere speck on the earth's surface, disappearing ^ 
never to reappear ; — perchance, if it belonged to some primeval ^ 
auna, never to become known to man, with all his research, unless ^ 
lOine bony or shelly framework gave consistence to its othei'wise I 
lerishable substance. 

But BO to deal with *our subject, so to work at natural history, 
low can we proceed without the aid of geology ? It is plainly im- 
lossiblo. From the moment we recognise a consideration of the 
elation to time and space of species and genus, as an essential ela- 
neiit of a right and full understanding of them, from that moment', 
he naturalist calls in geology to his tiid. And how is geolt^y to 1 
lelp him ? The pure geologic:, ili..' inquirer into the earth's phy- 
Ical featui'es at the different .r.(f .f its eventful history, and into 
ha probable nature of its int.. r i;i] . ■ nstitution and the causes of the 
jaqualities of the outline ol' it.- i ust, — -the pure geologist cannot 
id him, but, in his turn, rni\i - soeuU 'wd fi-om the naturalist. 



ir 

'J 
1 



o 

Jt 

M 



of Natural Hittor^ to Geologg and the Artx. 215 

For the geologist lias been taught, by liis own expericnun, tliat with- 
out an investigation of the lifti-nianifiiiitalions at Buccessive epochs 
hia science is fragineutar; and incomplete. But Uiq mere describing 
&nd Mtaloguing, ihe casting of them in estahlishi'd zoological and 
botanicaL moulds, is as likely to mislead us as to help. Such a pro- 
cess has misled. Half the sins of premature speculation, so often 
. called up, like filmy ghosts, to frighten incipient geologists from the 
beautiful science they would follow — the chaj-ges of crudeness, has- 
tiness, vagueness, inconsistency, and inaccui-acy, brought against 
geology — have arisen from this mode of attempting to misconduct 
scientific inquiry. The geologist collected fossils without sufficient 
notes, and without a notion of their zoological or botanical value; 
hu transmitted them to the zoologist or botanist, who examined them 
without cariitg to know whence they came, under what conditions 
they were found, or who were their associates. It was like the 
author mentioned by the novelist, who, when called upon for an ar- 
ticle on Cliincse metaphysics read up China on the one hand and 
tletaphysics on the otlier, and combined his heterogeneous knowledge 
in a wordy and well-sounding hut empty disquisition. The time for 
such manner of work is going — has gone. The naturalist who exa- 
mines fossils, if he would understand them, must study and practi- 
cally acquaint himself with the principles and lacts of geology. The 
uaturahst who studies liviug beings, if he seek to grasp the philo- 
sophy of his science, must work among the remains of extinct crea- 
tures also. Geology must become an element of his studies. There 
was a time — not very long ago — there may be a few holders by it 
yet — when it was supposed that to be a zoologist a knowledge of 
comparative anatomy was superfluous ; that to be a botanist no ac- 
quaintance with vecetable physiology was required. That day is 
gone, or expiring. The man who would now maintain such a state 
of things to be science is listened to with a smile, not argued with; 
and so will it be with ail who pretend to investigate the phenomena 
of distribution, and the laws which determine the limits of genera 
and species, without a knowledge of geology. 

On the principle that there is no palaeontology without natural 
history, that there is no natural history without geology, (he rela- 
tions of living to extinct forms have been borne in mind in all the 
arrangements of this Museum, and in all the duties of those to whom 
ibe charge of the fossil collections, made by the Geological Survey, 
has been assigned. Moreover, in order to carry out this view to its 
fullest extent, the officers of the palsxintulogical dfpartment are 
required to take the field when investigations demand their presence, 
and to study the occurrence of organic remains in the rock, as well 
as in the cabinet. To do this they must necessarily make ihem- 
selvea familiar with the practice of geological research. They must 
leam to appreciate the exact bearing of physical and mineral con- 
ditions on organic remains. Such, too, is cleavl-j tUft laodwiA. \i"j 
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which a knowledge of palteontoLogy of practical value to the mil 
stndent can be acquired. 

In conducting the bueinesa of this class, I look, forward to 
holding of field- excursions, regarding theni to be quite as essei 
as lectures for the instruction of the student, who, to benefit by hi 
studies, must become a practical fossi list, and learu to obserFe 
fully fossils tw situ, and appreciate on the spot the evidence affordi 
by their associations. Dnring the progress of our winter o 
can be done eHectnally in the neighbourhood of London, or by means 
of the facilities of transport afFoi'ded by lines of railroad. I trust that 
before the end of this Bession a compact band of undaunted inveeti- 
gatora, bolted, strapped, and bag-bearing, armed with stout hammers 
and shaip chisels, under the veteran generalship of our directoi 
uhief, and officered by my niinei-al and geological colleagues andmji 
self, will make the rocks shake, and yield up their treasures, for 
a mile around the great metropolis. 

In teaching the natural history of organic remains, we shall en' 
force the practice of the observation of them mainly through Bril 
examples. The principles of the study shall receive a wider ra&j 
of illustration. But to Icam details surely, we must acquire 
knowledge through that which is most precisely known. We ha' 
abundant materials in this Museum for the minute investigati 
the fossils of an area, in a geological sense, probably the most impoi 
tant and typical of pi'ovinces on the earth's surface. The value 
the collection does not depend merely on the number of species 
beauty of specimens, though in these respects we have much to b( 
of; it is due to the minute information preserved in our reeoi 
respecting the history of individual specimens. Every fossil collect" 
during the operations of the Geological Survey has a value far beyoni 
any accident of fineness or rarity, It has been selected especially 
and precisely in elucidation of a geological fact. It is a lasting and 
ever-consultable memorandum of a geological observation. Its locality, 
its associates, the abundance or scarcity of individuals of the speoiee 
at the spot and in the stratum where it was found, the mineral 
rscter of the rock itself, the condition of the specimen — whether in- 
dicative oi^ entombment when alive, or of death befure becoming 
bedded, or of transport before reaching the spot where, invested i 
sediment, it became immortalised in stone, — all these points, essential 
to an accurate, to a scientific knowledge of the fossil, have been care- 
fully noted and recorded ; and the specimens incorporated with the 
Survey collections are worthy associates of them. We know vrhi^j 
collected them, and how they were collected ; and before they find 
place in our cabinets, their history has been traced and certified, 

Sucli materials give confidence to the student. He feels that 
through them he niay acquire information calculated to 
inhisafter-rescarchcs; he imaginesfor himself a safe type, a standard 
p/" comparison hyiVllich to test lees ^lerfect data. If his fate should 
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Uad faini to undertake geological, tninuig, or exploring aJrentureB in 
-distant and little-known knds, he will find himself far better qualified 
to draw conclusions respecting the age and position of foseiliferous 
strata than if he had come to the inquiry with a vague general know- 
ledge, such as he might gather from the in»>pection of a universal coU 
lection; for an intimate aci^uaiutance with the fosGils of all regions 
could not be acquired by him even during many years. He has 
learnt not only how to observe, but also what to observe; lie has 
gone tfarough that wholesome training which monographic exercJEes 
in any of the divisions of natural history invariably give. Without 
it, soologisCs, botaniEts, and geologists, must be content to take place 
among mere declaiiners and talkers about things, which, in the ab- 
senoe of practical knowledge, all possible reading and lecture-listening 
will fail to make them understand. 

The collections of organic remains displayed in the gallerioa of this 
Museum are not of interest to the student only, they have a public 
value ; they bear testimony to the correctness of our knowledge of 
the geological structure of the British Islands ; and, where they 
coincide with the operatiuus of die Geological Survey, present the 
ninuteBt evidence of the ^e and featnres of the strata explored, as 
far as fossils can affoi'd such evidence. And ss the economic value 
of geological observations must ever depend on their strict accuracy 
— on the confidence tliat may be placed in them by those who would 
invest capital or prosecute researches on account of their faith in data 
officially laid before the public — such tangible proofs, open to the 
most severe scrutiny, as collections of organic remains made on the 
spot by the offlcera of the Survey, must have a practical importance, 
upon which too much stress cannot be laid. 

In a country where riches are a title to high esteem and power, 
any branch of science that has no direct influence upon money-making 
is likely to be held in low estimation by the unenlightened. The 
meaning attached to the word praetical in England is often nearly 
Bynonymous with money-producing or money -aaviug. Although I 
would be the last person to maintain that scientifiu establishments 
sliDuld be supported by the nation, or scientitio researches respected 
mainly on account of such I'ecommendation, I am not one of those 
who would separate science from the ordinary pursuits of men, or 
who would desire to see philosophers withdrawing themselves from 
the multitude, by keeping their thoughts unminglcd with the meaner 
aims of the crowd. When science, provided she be mindful of her 
honour, and make no sacriliceK of her love of truth, serves as tho 
handmaiden of even the humblest of arts, her dignity gaiua in luetre, 
and her familiarity breeds respect. There is no department of science 
without some ties with the common business of life. Even palceon- 
tology may have a direct as well as an indirect inflaeuue on com- 
mercial_enterpri5eB. An example or two, out of many, may serve 
as an illu.<:tration. 
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Not long ago L'OiisiileraMc funds were spent in a district 
west iu a useless search for coal. The ttdfeniiUi'tirE, ignorant 
geology, had set to work in dark Silurian shales, aniong the oldest of 
stratified rocks, and far beneath our carboniferous strata. Their 
mineral aspect, hijwever, resembled that of certain cotJ-fthalea with 
which the miners were familiar. Hod they pDissesEed even a slight 
acquaintance with organic remains, they would hart; abandoned their 
profitless experiment at the very uommtncenient ; for the shales in 
whicli they were working were charged with graptolites, extinet z( 
phytes, which do not range higher than the lowest loEsilitisroaa groi 
and the presence of which indicated the true character of the 
beyond question. The fossils did not escape the notice of the m 
They collected them, and grew the mure conErmed in their mistake 
for, unacquainted with the differences, they mistook them for coal 
plants. They might have bored through the earth's centre without 
coming to the treasure they sought; their only chance of reachi 
it was by perforating quite to the antipodes. 

In a second example I was myself personally concerned. £ 
years ago, when as yet but a student attending the geological 
niineralogical lectures uf Professor Jameson, I opposed by letter 
a pravinciat journal a mistakeD enterpi'ise upon which much money 
was unfortunately spent. The object of it was to sink through the 
old red sandiitone, with the hope of reaching coal, in a district 
where such a seai-cli was hopeless. The parties engaged were eon- 
firmed in their intentions by the advice of practical coal-miners well 
acquainted with the collieries of the north of England. These men 
argued, that since there was limestone and sandstone tdmilar to 
those rocks associated with coal, and overlying it, in the districts 
where they had worked, therefore the sti-ata were the same, and 
coal should be found, I pointed out, chiefly from the evidence of 
the fossils contained iu the limestone overlying the sandstone, that 
the rocks on which they proposed to operate were only like to, but 
not identical with, those to whinh they were comijared, I told 
them — the warning was proffered in vain — that they were throi 
iog away their money. One of the shareholders, an intelli] 
man, and a reader of elementary works on geology, replied to 
objections, by attempting to meet them on scientific grounds. 
some old-fashioned books it used to be asserted, that shells of the 
genus Carditua — In plainer language, cockle-shelle — when found 
fossil, are characteristic of tertiary strata. "Now," wrote my op- 
ponent, " cockles abound in the limestone in question, therefore it 
is tertiary, and the carboniferous strata must lie beneath." He had 
nilscaken certain forms of TerebratuJu, shells of a very different 
oi'der, for cockles ; a very unfortunate mistake, for the error was 
persisted in, and much good gold turned into irremediable dust. 

I have cited these instances because they not only shew how se- 
(C.-Jous an eiror, leading to considerable pecuniary losses, may b?. , 
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Muniltted in consequence of igngvauce of scien'.-e, but also are ex- 
Mples of the danger of inaccurate or fanuied knowledge. In botli 
toe cases the fossils were noticed, but, through ignorance of these 
htinotions, altogether mistaken. 

There is much popular palEeontology abroad, as likely to mislead 

I to guide. The practical yalue of this section of natural history 

ds upon its certainties, and not upon its uncertainties. la the 

r class may be placed the determination which fossils afford of 

lie origin of rock?, whether they be marine or estuary or fresh- 

'ater deposits ; of the relative ages of sedimentary atrala ; of the 

rdieations they give of the climate of different epochs ; of the in- 

mation they contribute respecting the ancient physical geography 

our globe ; of the testimony they bear to the unity, harmony, 

nd benevolence of the Divine scheme of creation, — the same dur- 

Dg incaleuUbly distant centuries of primeval time as now. 

Under the head of uncertainties may be ranked theories of trans- 
lUtetion of species ; of progi'ession towards perfection ; of universal 
tSiuiou of species at ancient epochs ; of the retrograde develop- 
lent of animal and vegetable forms in time ; of original perfection 
pd subsequent degeneration ; of original generalisation of specific 
^pes, aud subsequent specification ; of differences in the physiolo- 
itti habits of creatures anciently and now. All these notions are 
Tpothetically or theoretically advocated, more or leas, by men of 
lence at the present day. All of them, it seems to me, arc at 
St inductions from insufiicient data. They may or may not bo 
le, but at present, as we may see by a glanco at the romparativo 
Ktent of oar knowledge of existing and extinct forms, we are not in 
conditioD to come to a decision on the important questions they in- 

The collections of fossils displayed in the cabinets of this Museum 

e highly illustrative of the great truths of geology, and are ar- 
ranged so as to convey instruction on the fundamental principles of 
he science. The fossils of each forniation — in stricter language, 
he creatures of each epoch in the Preadamic history of the earth's 
brmation — are grouped together, and each group is displayed in 
trict geological sequence, in order of superposition of strata. 
IFItoever studies these collections carefully may gain a clear concep- 
■on of the nature of the proofs afforded by natural history of the 

t duration of the earth, and the series of epochs, each charac- 
Brised by a distinct creation of organised beings, that have preceded 
be present condition of animated nature. 

Although in the commencement of our educational efforts we can 
catcely hope to embrace all the subjects that spring out of the ar- 
angements of this Institution, it behoves us to took forward to the 
itilization in other directions than that of geological science, even 
f its natural history resources, There is a great blank yet un- 
illed in llie teaching of iliu numerous app^Vs.'.iona -nVv^V vft^-^ >iii 
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made of natural luEtory to the ai'ts. Cbarming a. 
bite examples of coramic, vitreous, and metallio n 
looted in our Museum, we cannot but toe! lliut the 
ever fine his iiaCural or acquired taste may be, i: 
vast variety of beautifol shapes and designs that li 
treasury of nature. The aidiug of the maiiufacti 
footing of his works is one of the aims we profes 
Clin teach him how to improve his materials, 
new substances and new pigments to 
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V him those metaliio compounds that can give the finest 
effect to his castings ; the mineralogist and geologist can open out 
fresh stores of ore and earth suitable for his operations. Cannot the 
naturalist also come fojlh with friendly aid, and render some good 
service ? 

The relations of natural history with the arts are of two kinds, 
either illusti-ative or suggestive. To the first belongs the inquiry 
into the nature and soui-ccs of the numerous products derived from 
the animal and vegetable kingdoms, and applied, or capable of being 
applied, as direct materials for arts and manufactures. A more per- 
fect acquuintaiice with old, and a discovery or iudication of new, mii- 
terials adapted for the exercise of human skill and workmanship 
may thus be attained. But the naturalist may render higher, and, 
at the same time, as p\actical services to the craftsman, by furnisli' 
ing out of the endless store of beautiful objects that are rendei 
familiar to him by his scientiCio pursuits, soui'ces of new and exi]i 
site design, ^fancies originating in the teeming brain of naturo,— »■ 
God-born thoughts, that become manifest in living shapes, — all 
consistent, — never jarring,- — in every part admirably adapted to 
each destined purpose. Now, the laws of these adaptations and 
harmonies, the proportions by which the beauty of living things is 
maintained, the ideas by which similar forms have been grouped in 
nature, and, though like exceedingly, yet wondrously dissimilar, — - 
these are among the earnest studies of every philosophical naturaliatv 
Siirely out of such studies lessons applicable to art may he derivi '""' 
What is ornamental art but the isolation and embodiment in worl 
of human skill of the beauty that is diffused through all the 
of God ? And that beauty lies, not merely in the bulk of ohjecta," 
* nor on their surface, but is as manifest in every part and atom com- 
posing them as in the combined whole. It is in itself composite ; 
the combination, not of lessor, but of minuter beauties. To imi- 
tate, — to approach, — we must attempt a like arrangement, in order 
to obtain the same exquisite result. And how, except through ear- 
nest and scientific study, can we attain the knowledge that sbiUl 
enable us to diseoTer the pathway leading toivai-ds perfectii ~ 
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On Coral lieeft and Js/nmfs. By James D. Dana. 

(Continued floni page 6a.) 

Formation of Reefs, and Caitses of their Features and Geo^ror- 
phical Distribution- 
An inquiry into the causes and origin of the features pre- 
sented by coral reefs and islands, has led us to glance at the 
nature of coral zoophytes, and at the effects of various agents 
upon their development. The way has thus been prepared 
for considering the bearing of these facts, and of other inSu- 
encing causes, on the growth of the coral plantation as a. 
whole. While, therefore, the preceding pages treat of zoo- 
phytes as individual species, the Ibllowing will relate tu 
those results which proceed from their accumulation, and 
the causes which have determined the features and geo- 
graphical distribution of reefs and islands. 

1. Formation of Reefs. 

Very erroneous ideas prevail respecting the appearance of 
a bed or area of growing corals. The submerged reef is 
often thouglit of as an extended mass of coral, alive uni- 
fijrmly over its upper surface, and, by this living growth, 
gradually enlarging upward ; and such preconceived views, 
when ascertained to be erroneous by observation, have some- 
times led to scepticism with regard to the zoophytic origin 
of the reef roch. Nothing is wider from the truth ; and this 
must have been inferred from the descriptions already given. 
Another glance at the coral plantation should be taken by 
'the reader, before proceeding with the explanations which 
follow. 

Coral plantation and coral field, are more appropriate ap- ' 
pellations than coral garden, and convey a juster impression 
of the surface of a growing reef. Like a spot of wild land, 
covered in some parts with varied shrubbery, in other parts 
bearing only occasional tufts of vegetation over barren plains 
of sand, here a clump of saplings, and there a carpet of 
Tarionsly- colon red flowers — such is the coral plant-ation. Nu- 
merous kinds of zoophytes grow scattered over the surface 
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like vegetation upon the land : there are large areas i 
bear notliing, and others that are thickly overgrow 
is, however, no green sward to the landscape ; sand and frag- 
ments fill up the bare intervals between the flowering tufts; 
or where the zoophytes are crowded, thei'e are deep holes 
among the stony stems and folia. 

These observations will prepare the mind for some disap- 
pointment in a tirst view of coral reefs. Nature does not J 
make greenhouses, but distributes widely her beauties, anU 
leaves it for man to gather into gardcoa the choicer varietias. , 
Yet there are scenes in the coral landscape which justify the 
brightest colouring of the poet : where coral shrubbery and 
living flowers are mingled in profusion ; where Astriea domes 
appear like the gemmed temples of the coral world, and 
Madrepore vases, the decorations of the groves ; and as the 
forests and flowers of land have their birds and butterflies, so 

" Life in rare and lieautiful forms 

Is sporting emid those bowers of stoni 

for fish of various hues, red, blue, purple, green, and otheii 
brilliant shades, keep constant play, appearing and dis^Hl 
pearing among the branches. 

These fields of growing coi-al spread over submarine landl 
such as the shores of islands and continents, where the dep9 
is not greater than their habits reijuire, just as vegetation «xi 
tends itself through regions that are congenial. The germ ' 
or ovule, which, when first produced, swims free, finds after- 
wards a point of rock or dead coral to plant itself upon, and 
thence springs the tree, or some other form of coral growtji. 

The analogy to vegetation does not stop here. It is well 
known that the debris of the forest, decaying leaves and 
stems, and animal remains, add to the soil ; and that accu- 
mulations of this kind are ceaselessly in progress ; that by 
this means, in the luxuriant Bwam[>, deep beds of peaty earth 
are formed. So it is in the coral mead. Accumulations of 
fragments and sand from the coral zoophytes, and of shells 
and other relics of organic life are in constant progress : and 
thus a bed of coral debris is formed and compacted. There is 
this diff'erence, that a large part of the vegetable material 
consists of elements which escape as gases in decomposition. 
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whereas coral is itself an enduring rock material, undergoing 
no change except the mechanical one of comminution. The 
animal portion is but a mere fraction of the whole zoophyte. 

In these few hints, we have tlio whole theory of reef-mak- 
ing : not a speculative opinion, but a legitimate deduction 
from a few simple facta, and bearing close analogy to opera- 
tions on land. The coral debris and shells fill up the inter- 
vals between the coral patches, and the cavities among the 
living tufts, and in this manner produce the reef-deposit, 
which is finally consolidated while still beneath the water. 

The coral zoophyte is especially adapted for such a mode 
of reef accumulation. Were the nourishment drawn from be- 
low, as in most plants, the solidifying coral rook would soon 
destroy all life : instead of this, the tree is gradually dying 
below while growing above ; and the accumulations cover only 
the dead portions. Moreover, to prevent accident, where 
these accumnlations do not keep pace with the progress of 
death, organic incrustations cover the lifeless trunk, and pro- 
tect it from the dissolving waters. 

But on land, there is the decay of the year, and that of old 
age, producing vegetable debris; and storms prostrate forests. 
And are there con-esponding effects among the groves of the 
sea 1 It has been shewn that coral plantations, from which 
s proceed, do not grow in the " calm and still" depths of 
the ocean. They are to be found amid the very waves, and 
extend but little below 100 feet, which is far within the reach 
of the sea's heavier commotions.* Here is an agent which 

not without its effects. The enormous masses of uptorn 
rock found on many of the islands may give some idea of the 
force of the lifting wave ; and there are examples on record. 



* Daring the more violent galen, the bottom of the sen u eaid, bj different 
EOtorB, tolieduturbedbt&depthof 300. 360, or even COO feet; and Sir H. Da 
U Becbe remarks, thnt when tlie deptb U IS fatboms, tbe witter a very evidently 
dlecolonred by the action of tbe waves on tbe eand and mud of tbe botUiiu. In 
the Com^tcg li-^Kiltn, t. xii., TT4, M. Siau menCiaus that parallel ridges ore 
farmed on the bottooi by tbe motion of tbe water, wbieb may be readily distin- 
^DUbed at a depth of ut least 20 metre;. The boUows between aucb ridges or 
iKre occupied by the beat* " sabstances of the bottom. Similar zone* were 
diatinguished at a depth of 1* 'BS to the north-west of the St Paori RMd>, 
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to be found in various treatises on Geology, of still more aur- 
priaing effects.* We must, therefore, allow that somo effect 
will be produced upon the coral groves. There will be trees 
prostrated by gales, aa on land, fragments scattered, and 
fragmentary and sand accumulations commenced. Besides, 
masses of the lieavier corals wilt be uptom, and carried along 
over the coral plantation, which will destroy and grind down 
everything in their way. So many are the accidents of this 
kind to which zoophytes appear to be exposed, that we might J 
believe they would often be exterminated, were they i 

• Ljell, TOl. ii., p. 38-40. Spenking of the force of the 
LjcU mentions the tranaportatioD of a Mook of stone, ninety feet rrom Italtodi' 
which WB8 eight feet two inches, by seven feet, and five feet one inch in >ti 
dimenaiona, end another nine feet two incliCE, by eii-aud-a-biUf feet, bj' four 
feet, having been " hurried up an acclivity to a distance of ISO feet." 

In an article on the subject, hj Thomaa Stevenson, aivil engineer, of Edin- 
burgh, publislied in the Transactions of the Royal Society of Edinburgh (»(il. 
xvi., 1S45), it is stated, aa a dcductian from 267 experiments, extending aver 
twenty-three successive months, that the average force for Skerryvore, for five 
of the summer months, during the yesrs 1843-1844, was Gil lb. per Eqnare fbot; 
andforsixof the winter months of tlie same year, it was 208G lb. per square foot, 
or three times as great as dnring the summer mantha. Doriog a westerly gale, 
at the same plaice, in March 1815, a pressure of 6083 lb. was registered by Mr 
SteTCneon's dynamometer (the name of the instrameul used). He mentlou 
several remarkable instances of traosported blocks. One of gneiss, containing 
504 cubic feet, was carried by the wavos Ove feet from the place where it Uy, 
and then became wedged sa as no longer to be inov«d. Of llis manner in whtcb 
it was moved, Mr Reid (as cited by Mr Stevenson) says:— "The aea, when I 
saw it striking the stone, would wholly immerse or bury it out of sight, and 
the run extended up to the grass line above it, making a perpendicular rise of 
from thirty-nine to forty feet above the high-water level. On the ini 
waves striking the stone, we could see this monstrous mass, of upwards of 
tona weight, lean landwards, and the baok-run would uplift it again with. 
jerk, leaving it with very little water about it, wb«n the next incoming 
made it recline again," 

Mr Stevenson states eJso, that the Beli Rock Lightbonse, in the Qermut 
Ocean, though 112 feet in height, is literally buried in foam and apraj to Qie 
very top, during ground swells, when Uiere is no wind. On tbe 20th of Ho- 
vember 1827, the spray rose to the height of 117 feet above tbe foundatiooe or 
low-water mark ; and, deducting eleven feet for the tide that day, it leavM 108 
feet, wbirJi is equivalent to a pressure of neorlif ihret loni per iquartfact. 

With such facts, any incredulity respecting the power of waves should 
laid aside. Moreover, it may be remarked, that the Pacific is a much 
Ocean than the Atlantic, with far heavier waves in its ordinary 
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singularly tenacious of life, anii ready to sprout anew on any 
¥ock where tliey may tind quiet long enough to give them- 
«elvea again a firm attachment, 

But it should he observed, that the sea would have far less 
effect upon the slender forms characterising many zoophytes, 
fiiDong wliich the water finds free passage, than on the mas- 
sive rock, against whose sides a large volume may drive un- 
broken. Moreover, mueh the greater part of the strength 
of the ocean is exerted near tide level, where it rises in 
lireakers, which plunge against the shores. Yet, owing to 
the many nooks and recesses deep aniong the corals, the ra- 
pidly-moving waters, during the heavier swells, must pro- 
duce whirling eddies of considerable force, tending to uproot 
or break the coral clumps. These disrupting and transport- 
ing effects will be less and less as we recede from the shores ; 
j«t all coral depths must experience them in some degree. 

There is another process going on over the coral field, 
somewhat analogous to vegetable decay, though still very 
different. Zoophytes have been described as ever dying 
while living. The dead portions have tlie surface much 
smoothed, or deprived of the roughening points which belong 
to the living coral, and the cells are sometimes half obli- 
terated, or the delicate lamella; worn away. This may be 
viewed as one source of fine coral particles ; and as the pro- 
cess is constantly going on, it is not altogether unimportant. 
This material is in a fit condition to enter into solution, and 
it cannot be doubted that the water receives lime from this 
source, which is afterwards yielded to the reef. 

In the Alcyonia family, which includes semi-fleshy corals, 
and the Gorgonise, the lime is often scattered through the 
polyps in granules ; and the process of death sets those cal- 
careous grains free, which are constantly added to the coral 
sands. The same process has been supposed to take place 
in the more common reef corals, the Madrepores and As- 
trteas, and it is possible that this may be to some extent the 
ease. Yet it would seem, from facts observed, that after the 
secretion has begun within the polyp, the secretion of lime 
going on takes place mjai'nsf the portions ali'eady formed, 
and in direct union with them, and not as g,i;a'Ci\Afc% \o Vc 
M/iervrarJB cemenh-d. 

VOL. Lii. so. civ.—Aniih lSo2. li: 
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The mud-like deposits about coral reefs have been attri- 
bnted to the causes just mentioned, but without dae consl 
deration. There is an unfailing and abundant source of this 
bind of material in the self-triturating sands of the reefs 
acted upon by the moving waters. On the seaward side of 
the coral island, and on the shores of the larger lagoons, 
where the surface rises into waves of much magnitude, the 
finer portions are carried off, and the coarser sand remains 
alone to form the beaches. This is a well-known fact> com- 
mon on all shores exposed to the waves, coral or not coral, 
and to this cause the sandy character is attributed. Bat in 
the smaller lagoons, where the water is only rippled by the 
winds, 01" roughened for short intervals, the trituration is 
the gentlest kind possible, and, moreover, the finely pi 
verized material remains as part of the shores. Thus tl 
fine material of the mud must be constantly forming on 
the shoves, for the sands are perpetually wearing themselves 
out ; but the mud accumulates only in the more quiet waters, 
and within the lagoons and channels, where it settles, after 
being washed out from the beaches. This corresponds ex- 
actly with the facts ; and every lake, pool, or water of oup' 
continents, illustrates the same point.* 

The coral world, as we thus perceive, is planted like tbA 
land with a variety of shrubs and smaller plants, and th^ 

* Mr Donrin, la diBCUSBing the origin of the Eaer calcareaiu mad (Op. 
p. 14), Euppoflcs tlint it h derived, in part, from FishEE und lIoIottiuriM; 
other aathorB have thrown out the same euggcstioti. Ho uituB as a fact, oi 
authority of Mr Loisli, tlint certiLin fish browBe nn ttie living zooph^teB; and 
from Mr Alliiii of Forces he loaroed also that UoloChuriaa Bubsisted on thnm. 
With regard to the facbi here etntcd, I can make do dcRoite BEserUon. Small 
flKh BWiirm about the branching clumps, and when disturbed, seek shelter at 

neBSed this fact, and n?ver eaw reaeon to suppose that the^ clustered about tha 
coral for any other parpase. It i9 an undoubted fact, however, as atated bj 
Atr Darvriii, that fragment; of coral and sand may be found in the etomache of 
these animals, though thii is not sufhcient evidence of their browsing on the 
coral. The conclusion deduced by him from the facts may be justly doubt«d. 
The fish and IlolothurtaB, though nuniernus, are quite inadequate for the sup- 
ply ; and moreover we have, as esplaineil oIwve, an abundant source of the ftnvst 
coral material without such Aid. Motion of parlicle over particle, will neceaaafilj 
wBfiT to dust, even though the particles be diamonds; and this incessant grind- 
ing aclioii about reefs, accounts salatac.turWj tuv vVa ii 
howerer great their extent. 
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elements and natural decay ave producing gradual accumu- 
lations of matei-ial, like those of vegetation. Tlie history of 
the growing reef has, consequently, its counterpart among 
the ordinary oceurronceB of the land about us. 

The progress of the coral formation is like its commence- 
tnent. The same causes continue with similar results, and 
the reader might easily supply the details from the facts 
already presented. The production of debris will necessarily 
continue to go on : a part will be swept by the waves, across 
the patch of reef, into the lagoon or channel beyond, while 
other portions lodge on its surface. Hut besides the small 
fi'agmeQts, larger masses will be thrown on the reefs, by the 
more violent waves, and commence to raise them above the 
sea. The clinker fields of coral, by this means produced, 
constitute the first step in the formation of dry land. After- 
wards, by further contributions of the coarse and fine coral 
material, the islets are completed, and raised as far out of 
the water as the waves can reach, that is, from six to ten 
feet. The ocean is thus the architect, while the coral polyps 
afford the material for the structure : and when all Is ready, 
it sows the land with seed brought from distant shores, 
covering it with verdure and flowers. 

The growth of the reefs and Islands around high lands, is 
the same as here described for the atoll. The reef rock, in 
all cases, is mainly a result of accumulations of coral and 
shell debris. There are reefa where the corals retain the 
position of growth, as has been described on a former page. 
But with these, the debris comes in to fill up the intervening 
spaces or cavities, and make a compact bed for consolidation. 
There are other parts, especially the outer reef along the 
line of breakers, which are formed by the gradual growth of 
layer upon layer of incrusting Nulliporcs ; but in the Pacific, 
such formations are of small extent.* 

Among the peculiarities of coral islands, the shore plat- 
form appears to be one of the most singular. It will be 
remembered that it lies but little above low tide level, and is 
often 300 feet in width, with a nearlyflat surface thi-oughout. 

* ProfMeor Agnssiz has recently observed that de'^iu n^ \h!\s \«n. Vuv^ 
rnrislifuie In niioy plnrn- tlie reef rock nliout the FVoviils. V.p^*. 



Though apparently ao peculiar, the exiatfuce of this plat- 
form is due to the simple action of the aea, and is a necessary 
result of this action. Passing to New Holland, fiMsm the 
coral islands of the tropics, we there found the same struc- 
ture exemplified along the sandstone shores of this aemi-eon- 
tinent, where it is continued for scores of miles. At the baaia 
of the sandstone cliff, in moat places one or more hundred 
feet in height, there is a layer of sandstone rock, lying, like 
the shore platform oP the coral island, near low tide level, and' 
from fifty to one hundred and fifty yards in width. It is 
continuous with the bottom layer of the cliff; the rocks which 
once covered it have been removed by the aea ; its outer 
edge is the surf line of the shore. At low tide it is mostly 
a naked flat of I'ock, while at high tide it is wholly undei* 
water, and the sea reaches the cliff. New Zealand, at the 
Bay of Islands, afforded us the same fact again, in an argilla- 
ceous sand roL-k ; and there was no stratification in this case 
to favour the pi-oduction of a horizontal surface ; it was 
direct result from the causes at work — the shore ahelf stands' 
about five feet above low water. 

A surging wave as it comes upon a coast, gradually reare 
itself on the shallowing shores ; finally, the waters at top, 
thi-ough their greater velocity, plunge with violence upon the'] 
barrier before it. The force of the ocean's surges is there- 
fore mostly confined to their summit waters, which add weight 
to superior velocity, and drive violently upon whatever ob- 
stacle is presented. The lower waters of the surge advance 
steadily but more slowly, owinc; to the retai-ding friction q{-< 
the bottom ; the motion they have is directly forward, and' 
thus they act with little mechanical advantage ; moreover, 
they gradually swell over the shores, and receive in part the 
loTCw of the upper watersJ The wave, after breaking, sweeps, 
up the sfini.p till it gradually dies away. Degi'adation irom 
thia source \t> consequently most active where the upper or. 
plunging portio^i of the breaker strikes. 

But further, Wg observe that at low tide the sea is com- 
paratively quiet:' jt \a during the influx and efilux that the 
Burgea are heaviest. Tbe action commences after the rise, 
is strongest froin half to three-fourths tide, and then dimi. 
nisbea a.ga.\n near high tide, "M-OTeovtv, t\ve ^\uiig«i^'^t 
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of the wave U raised conaliierabiy above the general level of 
the water. From those considerations, it is apparent that 
the line of greatest wave action must be above low water 
level. Let us suppose a tide of three feet, in which the J 
action would probably be strongest when the tide had risen M 
two feet out of the three ; and let the height of the advau- I 
ciDg aurge be four feet ; the wave at the time of striking, I 
would stand with its summit three feet above high tide level ; I 
and from this height would plunge obliquely downward I 
against the rock, or any obstacle before it. It is obvious, I 
that under such circumstances, the greatest force would be 
felt, not far from the line of high tide, or between that line 
and three feet above it. In regions whei-e the tide is higher 
than just supposed, as six feet for example, the same height 
of wave would give nearly the same height to the line of 
wave action, as compared with high tide level. Tinder the 
influence of heavier waves, such as are common during 
storms, the line of wave action would be at a still higher 
elevation, as may be readily estimated by the reader. 

Besides a line of the greatest wave action, we may also 
distinguish a height where this action is entirely null ; and 
it is evident, from facts already stated, that the point will be 
found somewhat above low tide level. The lower waters of 
the surge, instead of causing degradation, are accumulative 
in their ordinary action, when the material exposed to them 
is moveable ; they are constantly piling up, while the upper 
waters are rending and preparing material to be carried off, i 
The heiglit at which these two operations balance one another I 
will be the height, therefore, of the line of no degradation. I 
As the sea at low tide is mostly quiet, and the lower of the 1 
surging waters swell on to receive the upper and parry the 
blow, and moreover, there is next a return current outward, 
we should infer that the line would be situated more or less 
above low tide, according to the height of the tide, and the 
Biirges accompanying it. We are not left to conjecture on 
this point, for the examples presented by the shores of New 
Holland and New Zealand, aSord definite fiwits. Degrada- 
tion has there taken place sufficient to carry off cliil's of rock 
of great extent ; yet, below a certain \e\e\, ^.Vft ftft'.v \\aa Vwl 
little or no olfcct. This heiglit, at tsi^v) "H,o\\a,ui, v*. ^tt^^ 
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feet above ordinary low tide, and at New Zealand, about fi^ 
feet, With regard to tbe height varying witli the tides, ^ 
observe tbat in the Panmotus, where the water rises but two 
or three feet, the platform is seldom over four to six inches 
above low tide, which is proportionally less than at Ne 
Holland and New Zealand, where the tide is six and eig 
feet. From these observations, it appears that the height 
no nave action, as regai-ds tlie degradation of a coast under 
ordinary seas, is situated near one-fifth tide in the Pan- 
motus, and above half tide at New Zealand, shewing a great 
difference between the effect of the comparatively quiet surges 
of the middle Pacific, and the more violent of New Zealand. 
Within tlje Bay of Islands, where the sea lias not its full 
force, the platform, as around the " Old Hat," is hut little 
above low water level. The exact relation of the height of 
the platform to the height and force of the tides, remains to 
be determined more accurately by observation. While, there- 
fore, the height of the shore platform depends on the tide» 
and the usual strength of the waves, the breadth of it will 
be determined by the same causes in eonneetion with the"! 
nature of the rock material.* 

It is apparent that one single principle meets all the VBr- 
rious cases. The rocky platform of some sea shores, the low 
tide sand-pit on others, and the coral-reef platform of others, 
require hut one explanation. The material of the coral plat- 
form is piled up by the advancing surges, and cemented 
through tlie infiltrating waters. These surges, advancing 
towards tbe edge of the shelf, swell over it before breaking, 
and thus throw a protection about the exposed rocks ; and 
as the tide rises, this protection is complete. Tbey move on, 
sweeping over the shelf, but only clear it of sand and frag- 
ments, which they bear to the beach. 

The isolated blocks in the Panmotus which stand on the 

-* On bamlCic sliorea it is not usaul to find a shore pjatfarm, as tbe n)«ki 
Buurcely unilergOBB on; degradation ojtcept from the moat violent 
coastB are consequently often covered witb large frngmonttt of tbe basaltic rocks. 
But on nandBtoae shoriia, th'a gradual action kei>[iG the platform of nearly uiii' 
form breadth. Moreover, any uptom luasses thrown upon it, are soon deatroyert 
by the «ame ai'tion and carrietl off ; and ftiM* tt\e \i\w.*irm ia kept nearly elesit 
(If debris oven ta Ihe.haBe of l\ie fUff, 
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platform, attached to it below, are generally most worn one 
or two feet above high tide level, a fat;t which corresponds 
with the statement in a preceding paragraph with regard to 
the height of the greatest wave action. 

In addition to this ordinary wave action, there are also 
more violent effecLs from storms ; and these are observed 
alike on the Australian shores referred to, and on those of 
coral islands. The waters, moving through greater depths. 
and driving on with increased velocity up the shallowing 
shore, among cavities or under shelving layers, break and 
lift the rocks of the edge of the platform, and throw them on 
the reef. From the observations of Mr Stevenson, cited in 
a note to a preceding page, it appears that the force of the 
waves during the summer and winter months differs at 
Skerryvore more than 1200 lb. to the square foot — in the 
former averaging but C36 lb., and in the latter 2086 lb. ; 
while in stcrms it was at times equivalent to 6083 lb. 
The seasons are not as unlilce in the tropical part of the 
Padfic. Still there must be a marked difference between the 
ordinary seas and those duruig stormy weatlier. We have 
therefore no diificulty in comprehending how the ordinary 
wave action should build up and keep entire the shore platform, 
while the more agitated seas may tear up parts of the struc- 
ture formed, and bear them on to the higherparts of the island. 
Still moi'e violent in action are the great earthquake waves 
which move through in the very depths of the ocean. 

These principles offer an explanation also of the general 
fa«t, that the windward reef is the highest. The ordinary 
seas, both on the leeward and windward sides, are sufficient 
for producing coral debris and building up the reef, and in 
this work the two sides may go on with almost equal rate of 
progress : consequently, we may often find no very great 
difference in tho tvidlh of the leeward and windward reefs, 
especially as the wind for some parts of the year has a com-se 
opposite to its usual direction. But seldom, except on the 
side to windward, is a sufficient force brought to bear upon 
the edge of the platform, to detach and uplift the larger coral 
blocks. The distance to which the waves may roll on with- 
out becoming too much weakened for the tvaua^uvto.i\a^ q*; 
uptorn bhck.% iviU determine the outVme oE ^,>\e W'\\\\ft^\M\*.. 
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Witb proper data as to the force of the waves, the titles, and 

the aomidinga around, the extent of the shOTe platform might 
be made a sabject of calculation. 

The effect of a windward reef in diminishing the force o\ 
the sea is Bometimes shewn in the influence of one island on 
another. A striking instance of this is presented by the 
northernmost of the Tarawan islands. All the islands of 
this group are well wooded to windward — the side fronting 
east, between north and south. But the north aide of Tairi- 
tari is nothing hut a bare reef, through a distance of twenty 
miles, although the south-east reef is a continuous line of 
verdure. The small island of Makin, just north of Tari-tari, 
is the breakwater which has protected the reef referred to 
from the heavier sens. 

Coral-island accumulations have one advantage over all 
other shore deposits, owing to the ready agglutination of cal- 
careous grains, aa explained in a following page. It has been 
stated, that coral sand-rocks are forming along the beaches, 
while the reef-rock is consolidating in the watt;r. A defence 
of rock against encroachment is thus produced, and is in con- 
tinual progress. Moreover, the structure built amid the 
waves will necessarily have the form and condition best fitted 
for withstanding their action. The little islet of an atoU 
therefore more enduring than hills of harder basaltic rocks.1 
Reefs of zoophytic growth but " mock the leaping billows, 
while other lands of the same height gradually yield to thi 
assaults of the ocean. There are cases, however, of wear, 
from the sea, owing to some change of condition in the island, 
or in tlie currents about it, in consequence of which, parts 
once built up are again carried off. Moreover, those devas- 
tating seas which overleap the whole land, may 
usual degradation for some parts- Yet these islets have 
within themselves the source of their own repair, and 
secure from all serious injury. 

The lagoons in coral islands are constantly receiving mora> 
or less debris from the reefs ; and patches of growing coral; 
within also tend to fill them up. But the effect is slow in itB^ 
progress, and none but islands of small size, as before stated,^ 
shew any approximation to an obliteration of the lagoon. 
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On the Filaria in the Blood of the Domestic Dog. 
By MM, Gedbt and O. Delafond* 

Messrs Schmitz, Baer, Valentin, Vogt, and Kemak, had 
previously noted the existence of species of Filaria, Mon- 
ostoma, and Distoma, and of Itifusoi'ia, inhabiting the blood 
of frogs, of certain fishea, and of some molluscs, but no ob- 
server had proved the presence of Nematoides living in the 
blood of animals higher in the zoological scale. 

"We first announced to the Academy, in the course of the 
year 1843, that we had discovered Entozoa of the genus Filaria 
living in the blood of certain domestic doga, and circulating 
vrith the globules of that fluid in all the vessels. Since 
our communication to the Academy, MM. Erdl and Mayer 
in 1843 : Hyrtl Gros, and Ecker, in 1846 ; Chaussat and 
"Wedl, in 1848 ; and M. Gu^rin Meneville, in 1850 ; have 
ascertained the presence of Hematozoa in the blood of the 
field mouse, of the black rat, of several birds and fishes, of 
the lobster, of the mussel, and of the earth and silk wormB. 
This third memoir, whiel} we have the honour to present to 
the Academy, comprises the researches to which, for many 
years, we have devoted ourselves, on the worms living in the 
blood of certain domestic dogs. 

We said, in our preceding communications, that this 
Helminth was a Filaria ; and we called your attention to the 
circumstance that, up to that time, we had not met with this 
worm save in the microscopic state. Yet in studying this 
helminthatdiiferent ageaof thelifeofthe dog, we had proved 
that in the space of near two years, the microacopic filaria 
were slowly developed in the blood, and that then the mouth, 
the digestive canal, and the sexual organs appeared more 
distinct. And, moreover, that, in three dogs with vermi- 
ferous blood, aged from three to ten yeai-s, which we had 
kept several years, whose blood we had examined after death, 
and dissected the vessels and all the organs, we had never 
found other than microscopic filaria. 

Although convinced of the constant existence of these 
worms along with the globules of the blood in all the red 



VL'SHels, we had, nevL-rtbeleas, been unable to account for tbeifj 
origin. 

We continued our reBearches, and, after two yean of labi 
rious and patient study, we discovered in the blood of a doj 
with vermiferoHS blood, which died from the effects of a dii 
composed exclusively of gelatine, some large worms visibli 
to the naked eye. These cntozoa, sis in number, of which' 
four were females and two males, were lying in a large blood 
clot, of recent formation, which filled and dilated the right 
ventricle of the heart. These helminthe were white, filiform, 
from 14 to 20 centimetres in length, and from one to 
and-a-half centimetres in diameter. We have been able ta 
make out the zoological characters of the male and of tha 
female, to recognise the anatomical disposition of the organs, 
extei'nal and internal, — to study the development of the 
eggs in the ovaries, and of the embryo in the oviduct, and ta 
convince ourselves that these embryos were identical with thi 
microscopic (ilaria which we had seen circulating with thi 
blood in all the vessels of several dogs. 

The blood of the animal ia which we found these large worm% 
itself contained so great a number of microscopic filaria, thai 
we were able to count as many as twelve or fifteen of then) 
in one drop of blood. We observed that the large worms 
belonged to the genus Filaria, and to the species papillosa 
but that these filaria possessed besides some distinctivi 
characters which must make them be considered as a speciefl 
still unknown. We propose to give to tliis Nematoidea tha 
name Filaria papulosa htematica cams domestict. Founding 
on the facts we have jast stated, we believe ourselves autho- 
rised in concluding, that the large filaria of the blood of the 
domestic dog lay the eggs of the microscopic filaria in that 
liquid. These young filaria, up to a certain period of their 
development, circulate with the blood in all the vessels. It 
is not until after they have acquired a diameter greater thaii' 
that of the capillaries that they abide in the heart and tho 
large blood canals, 

The discovery of these adult filaria had brought us to an im-i 
portant point, but our researches were by no means finished. 
A crowd of interesting questions still remained for elucido-' 
tion. The following are the vesu\t% n*i ouv ve*,«a,TtVft% : 



Filaria in Ike Blood of the Domestic Dog. 

Xet, The number of the microacopic filariu, in tlie blood of 
1 dogs may be estimated approximately from 11,000 
o near 224,000. The mean number in twenty dogs was more 
than 52,000. 

2rf, The microBcopic filaria, having a less diameter than 
the globules of the blood, circulate in the smallest capillary 
vessels through which the globules can pass. One drop of 
blood taken from the vessels, it matters not in what part of 
^e body, nor in what season of the year, contains these little 
Hematozoa. 

3rf, The chyle and the lymph of the dogs whose blood con- 
tains microscopic filaria, even in very great number, do not 
eontain any of these worms, 

4/A, The normal liquid secretions, such as the saliva, the 
bile, the pancreatic juice, the urine, the spermatic fluid, the 
Berosity of the great serous membranes, as well aa the fluids 
abnormally secreted, do not contain any of these minute 
animals. 

5M, Twenty-eight Jogs with vermiferous blood, of differ- 
ent kinds and ages, kept, some during several months, others 
luring more than five years, animals which had approxi- 
tnately from 11,000 to near 224,000 microacopic filaria in theii" 
blood, have been dissected in the course of the winter, the 
jjpring, the summer, antl the autumn, with the gi'eatest care, 
irithout a single filaria, invisible or visible to the naked eye, 
'Jmving been perceived in the different tissues. "We think, 
then, we are able to affirm, that the filariaof the dog, whether 
microscopic or of frotn 14 to 20 centimetres in length, and 
near 1 millimetre in diameter, or of the size of a thick 
thread, livea exclusively in the blood during all seasons of 
the year, draws nourishment from that fluid, and never 
abandons it. 

6/A, The frequency and the rarity of dogs having vermi- 
^rous blood, and of those without it, calculated from 480 
dogB, the blood of which has been examined, is. in the mean 
proportion, one dog with vermiferous blood to twenty or 
twenty-five without it. 

1th, Vermiferous blood occurs more frequently in old and 
adult dogs than in young. 

, The^c wonns ajipear in the W»t>i\ it. iVrt^s. \N\'C&'a'A'v. 
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distinction of land or of sex, and whatever be the state o 
leanness, of fatness, of healtli and of disease, of these animali 

^Ik, The microscopic filaria, even when present in the ap' 
proximate number of near 224,000, do not alter the instine 
tive faculties of the dogs, and do not at all weaken the mi 
cwlar energy of these animals. 

lOcA, The vermiferons blood of the dogs presents no t( 
notable modifications in its physical characters, and in 1 
proportionate weight of its organic and inorganic principlefl 

Will, The microscopic hematozoa transfused with froi 
150 to 300 grammes of a liqueur gloliuleuse defibrinm into U> 
vessels of nine dogs, whose blood contained no worms, dtl 
appeared from their blood in from the eighth to the fortiel 
day. The dogs were killed, and the filaria were neithi 
found in the fluid secretions, nor in the tissues, nor in tl: 
diiferent cavities- 

12M, In two dogs, differing in kind and age, having i 
filaria in their blood, into whose vessels from 200 to 
grammes of vermiferous defibrtnised blood were ejected, 
filaria have continued to live in the blood during more thi 
three years, or up to their natural death. ^\'hen opened ai 
dissected these dogs have not presented any filaria save i 
their blood. 

i3(/(, The microscopic hematozoa of the blood of the dc 
transfused with the liqvear glofiuteuse (tafibrinfe into tl 
vessels of two rabbits, have eontmued to live in the blood i 
one of them during eighty-nine days, after which time tt 
filaria disappeared from the blood. At the autopsy of th 
rabbit the filaria were not found again in the tissues. 

li(A, The microscopic filaria transfused w'xWi the deiibrii 
ised liquor which we have mentioned into the blood of » 
adult frogs, two of which already bad filaria in their blooi 
continued to live in the vital fluid of these animals durin 
eight days, or during the time the globules of the 
blood appeared unchanged among the globules of the frog* 
blood. On the ninth and tenth day, the globules of the dog 
blood being altered, the microscopic fllaria injected with 
disappeared, and the eight frogs died of a scorbutic diseaa 
Tliese transfusions then demonstrate that the microscop 
aiai-ioiis blood cannot eont\nne loWxe, c\\\\c\ w ft\e VvwA 



blie dog, or in that of other animaU, save so long as that fluid 
ea a constitution proper, and still nntnovro, to the 
maintenance of the life of these heniatozoa. 

15lh, The filaria invisible to the naked eye injected alive, 
ItloDg with the blood which transports them along the vessels 
into the serous cavities, and the cellular tissue of healthy 
dogs, were unable to remain alive in these two new domiciles. 
IGlA, A dog with vermiferous blood, with a female witJi 
blood not vermiferous, produces offspring, of which those be- 
loQging to the race of the father have vermiferous blood, while 
? others, pertaining to the race of the mother, have not. 
17tA, A vermiferous-blooded female dog, produced with a 
male dog without vermiferous blood, brings forth pups, of 
Rhich those taking after the race of the mother have worms 
1 their blood, while those resembling the father in race 
kave none. 

18th, A yermifero OS -blooded female dog, with a male dog 
equally so, has pups with worms in their blood, whether 
these pupa pertain to the race of the father or of the mother. 
19lfi, The filaria in the blood of the pups have not been 
fiiscovered before thej have reached the age of from five to 
t months. The worms have continued to live in the blood 
of these animals, which have now reached the age of four or 
five years. 

20ih, Nineteen dogs, of which each had approximately 
pom 11,000 to about 224,000 microscopic filaria in its blood, 
And also a dog having also in its blood six adult filaria, from 
Ibni'teen to twenty centimetres in length, have never been 
seized with any special disease. Three dogs, however, hav- 
ing, approximately, the first 17,000, the second 2.5,000, and 
the third 112,000 microscopic filaria in the vital fluid, have 
been fltruck with epileptic- like attacks. Two of these animals 
died of the attacks ; in the third the attacks have ceased. 
The health of this last dog lias been perfect for more than a 
■year, although the same number of worms always exists in 
the blood. Very nnmei-ous researches will yet be made on 
this interesting subject.* 
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Description of a Self- Acting Apparatus for premnting I 
Pipes Bursting during Frost. By Mi' Alexandee I 
PDEHaON, F.R.S.S.A., of Leith. Communicated I 
Author. With & Plate. 

It is unnecessary for me to point to the highly- injorious 
quencea which of^n result from the' bursting of water-pipes 
froat ; or to demonstrato the great necessity there exists for 
proper and efficient remedy. With the excoption, perhaps, of 
rioua fire, there is no agent more destructiTO in its eff 
property than an overflow of water. It is true that such an occur- 
rence is frequently occasioned by the defective nature of the plum- 
ber-work; but there can be no doubt whatever, that the moHt pro- 
lific source of this kind of damage is due to the bursting of water- 
pipes with frost ; and that is an event, it would seem, which the most 
skilfully-executed plumber-work can neither prevent nor resist. 

The temperature in this country is rarely so low as to exJiibit the 
consequences of a. severe and protracted frost ; and the ca^es of burst 
water-pipes have, therefore, been comparatively few. Since the 
winter of 1838-9, we have had no severe frost of any duration ; but 
ill that year, and others of equal severity, the water-pipes were burst 
all over the country, and this occasioned damage to a very l*cge 
amount. While this country, however, from its temperate climate, 
is, in a great measure, exempted from these effects of frost, it is 
different in countries where a colder temperature predominates. In 
the northern section of the United States and Canada, this freezing 
of the pipes assumes a much more formidable aspect. Many of the 
houses are warmed with furnaces placed in the cellars or halls ; and 
I believe one of the chief objects of this expensive precaution, is that', 
of preserving the water-pipes from freezing. 

There have been various attempts made to prevent the action ot 
frost on water-pipes. Exterior protections of such non-conducting 
materials as charcoal, ropeyarn, straw, &c,, have been applied to the 
exposed parts of the pipes, with the view of preserving the tempera- 
ture. These, it is obvious, can afford but very sUght protection in 
the event of an Intense frost. It has been very generally recom- 
mended, also, as a useful precaution, to circulate the water through 
the pipes, by means of partially opening the cock at the sink; 
This, when it can be adopted with safety, is, to a certain extent, I 
ficial inpreserfing the supply-pipes from bursting; but it has 
found extremely disadvantageous in freezing, and consequently 
structing, the soil-pipes and drains. From this cause, it is v 
often — as in Now York — prevented by the municipal authoritii 
The attempt, which I have frequently seen made, to resist the ~ 
by niettns of strong pipes, is lefY afcawi. ^» sltto^th of pipes 
an/ material can withstand t\ie ex'pMVBiNe ^<«i:ft i\ 'KM.t'c-wVia^t 
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ig. I may add to this, that the practice of building up water-pipea 
1 the centre of a wall, with tLe view of preserving cliem from burst- 
ig, is dangerous in the extreme. The ill effects of the frost on the 
lipea is often imperceptible at the time. The expansion sustained 
)y the pipe may not be sufficiently great to buraC it ; but in that 
aae it prctduces a, regular enlargement of the pipe, which part ne- 
esssrily becomes the weakest; and it accordingly yields sooner or 
kter to the mere pressure of the water. Cases of burst pipes in 
ummer have thus not unfrcquently to be attributed to the iroat of 
he preTious winter. 

The only really practicable and unfailing means of preserving 

rater-pipes from bursting with frost, is to adopt the simple precau- 

n of keeping them empty. This has been well ascertained to be the 

ly security in every country where precautions are adopted. The 

it of those in use at present, consists in attaching a stop-cock to 

le lowest part of the pipes, and another immediately above it. By 

le one, the water is shut off when a low temperature approaches, 

>nd hy the other, the pipea are emptied of the water they cotitsin. 

10 render those precautions of any avail however, the utmost watch- 

illness ia necessary, and even where the cocks exist, they are rarely 

ied in time. Besides, a severe frost will frequently occur in course 

' a single night, and in that cose the opportunity of shutting oif- 

le water is lost. The same objection applies to the mode of heat- 

Dg by fires, of circulating the water, and to all other precautions of 

similar kijiJ. 

Kea^aning on this, I have conceived the possibility of employing 
tme self-acting apparatus, which, on the approach of alow degreo of 
temperature, would of itself shut off the water and empty the pipes ; 
ft, in other words, of having a machine so constructed and regu- 
lated, that it would shut a cock before the freezing-point of water, 
pnd open it again, when the temperature assumed its normal state. 

I first thought of applying a machine on the principle of the ther- 
mometer. If, in place of the small bidbous glass of an ordinary 
thermometer, I took a vessel of much larger dimensions, and in place 
of being sealed at the top, it was closed hy means of a email sliding 
piston on the surface of the mercury ; — if it were possible to adjust 
this, so as to elevate the piston at a temperature of 60°, it is evident 
that a, decrease of the temperature to the freezing- point would pro- 
duce a diminution of bulk in the mercury, and a corresponding de- 
scent of the piston. A stop-coek on the supply-pipe, attached to the 
piston-rod, might thus be made to stand open at all ordinary tem- 
peratures, and to shut precisely at the freezing point. 

Such an apparatus, however, would be subject to a few serious and 
inenrmountable objections. In the first place, it would i-equire some 
intricate mechanical arrangement, to prevent it diminishmg the sup- 
ply of water at low temperatures, although still above the freezing- 
point. In the iiejft place, its whole available ^owec in ahuXtino, tta 
otild necessnnly be small, fiince it covAi onVj \nc \i-tv<cA ^^■avcv 
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the atmosplierical pressure on the surface of a. leij small piston 
and, lastlf , it would, acuording to the determination of Buloag 
Petit, require about 400 cubic inches a£ mercury to produce 
einglQ cubic inch of vacuum in its depression between those two 
gceea of teraperatiii-e. In short, il: would not answer tho purpose. 

The next idea was kindly suggested to me by Sir David Brewster. 
It was to employ the expansion of metallic rods, on the principlo of 
the pyrometer, to effect the same purpose ; and something analogous 
to the original pyro:net«r of Muschenbrock would probably be the bi 
adaptation. Abar of zinc, or any other expansive metal, of convenic 
length, may have its espansion or contraction increased to any extei 
by a series of compound levers ; and this might be applied as the i 
tive power in a manner precifiely similar to that described. Bnt 
mechanical difficulty of regulating the action of the pyrometer 
tween two specific degrees of temperature again interposes ; oti 
wise, I have no doubt but that a p rope I'ly -constructed apparatus 
this kind might be the most unfaihng means of actiou I could adi 
It has these advantages over the mercury, that its power is irreaii 
bly great, its cost would be trifling, and it would be of much Qtai 
application. 

Finding these instruments to be practically inapplicable, I w| 
driven to think of something more resembling the sudden expont ' 
of water when freezing. It is obvious that this remarkable prop* 
of water is unlike the regular expansion of metals. What was 
cessary, I then thought, must be some liquid that will solidify a 
degree or two higher than water, and of ita expansion being applied 
to shut off the water. Ulacial acetic acid assumes the state of a 
solid at a temperature so high as 46*^, and sulphuric acid of the 
density of 1'78 does the same at 46'^ Fahr. I was proceeding to 
esperiwent upon these, or similar bodies, when it occurred to i 
that of all the applications of this kind the beiit might be found 
exist in the eJipansive force of water itself vihen freezing. 

Water, according to the experiments of Boyie and Dalton, 
creases in bulk about one-ninth in its transition from the fluid to 
Bolid state. This expansion occurs with an irresistible degree 
force. The Florentine academicians burst a hollow brass vessel w 
a cavity of only 1 inch in diameter, by freezing the water it coi 
tained. The force produced was equal to 27,000 lb. Major Wil- 
liams, in his experiments at Quebec, in 1784—6, besides bursting 
bombshells, projected an iron plug, 2^ lb. in weight, from one of the 
shells, to a distance of 415 feet by the expansive foi'ce of the water 
it contained when freezing. These facts afford sufficient grounds 
for establishing the most important points of the desired motive 
power; those, namely, of the amount of expansion the water si 
tains, and the prodigious force with which ^at is accompanied, 
calculated, that I would require in a vessel, such as I have describi 
27 euhJo inches of water, which would produce 3 inches of expai 
iioit, to act effectivbly on a sto^-cotk. 
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I therefore procured a. gloTjular glass vessel of tbese dimensionsj 
aociirstelj fittnd with a cylinder and piston, and filled it witli water. 
On exposing it to fresze, liowevei", the water expanded equally on all 
Bides of the vessel and burst it, instead of elovating the piston. A thin 
sheet brass vessel I employed for the same purpose succeeded no 
better, But, after a number of similar experiments, on vessels of 
different shapes, which I need not detail, I ultimately found that a 
true and accurately bored cylinder was the only vessel in which water 
could be frozen under pressure. This it was of great importance to 
■scert&in; for had it occurred that ice expanded uniformly in a 
IfttGral direction it is plain that no vessel of moderate strength could 
have resisted the pressure. From these experiments I found that 
in a Bimple tube of any convenient dimension, fitted with a piston, it 
■would be, without bureting, elevated by the freezing of the water it 
contained, and with a force far beyond what was absolutely necessary. 
This could be applied to shut a cock, or operate in any other manner 
found to be most appropriate. Such is the principle of the apparatus 
^presented. 

The only apparent objection that presented itself next, was, that 
the water contained in the pipes being subjected to the same degree 
of cold as that portion confined in the small tube, would freeze as 
soon, or at all events so nearly at the same time tliat there would not 
be Rpace intervening of sufficient duration to allow of the water being 
fibut off. This objection, however, is easily disposed of by the ap- 
plication of a tube possessed of superior powers of conducting heat 
to that of the lead pipes. Copper at once suggests itself as the most 
appropriate, and for two reasons : \st. Copper is to lead, as a 
conductor of heat, as 18 to 89, or, aa nearly as possible, 5 to 1 ; and, 
2,d, Its tenacity or cohesive power is exactly ten times that of lead. 
These, it will be seen, are valuable properties for the purpose, since 
it not only guarantees a quicker conduction of heat, or, in other 
words, a quicker freezing of the water it contained, but a power of 
resisting ten times the pressure. But there is no occasion to employ 
R copper tube of the same dimensions as the lead pipe. One of half, 
or even a fourth of the size, I have found to answer quite as well. 
This, again, gives a still gi'eater advantage, since the conduction of 
heat holds a direct ratio to the mass of the body. In short, it is 
▼ery apparent that a properly -constructed copper tube, containing a 
small portion of water, will be the first to frci^ze, and so shut off the 
water. 

The practical application deducible from these principles, consists 
of a very simple apparatus. A copper tube of any con'jenient dimen- 
sions fitted with a piston filled with water, and firmly attached to 
the lead pipe, would, from its superior conducting power, be the 
firat to freeze, and by the vertical expansion of the ice to elevate a 
piston and shut a stop-cock, while the water in the lead pipes was 
BtiU fluid. On similar principles it would be the first to become 
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liquid on a return of temperature. Eut in tlial case it is not so certain 
thattbe piston would descend to its original position and open the cock. 
Indeed, unless the combined frtiAion of the piston and cock wsa 
small it would not. Besides, it being a primary object of the 
to empty the pipes at the moment of shutting off the water, it woi 
be necessary in that case to employ two cocks — one for each purpo 

To obviate this I have, therefore, thought it preferable to employ 
a double-action valve of the description indicated in the diagram, 
both as regai-ds the relative simplicity of action in a valve to that of 
a stop-cock, and, what is of greater importance, with the viei "" 
effecting, at the same time, tlie shutting off of the water and 
emptying of the pipes. 

EsiplanatioiK^ the Plate (III.) — Fig, 1 is a section; fig. 2, 
vation of the apparatus about one-fourth of full size. A represents the 
junction ol' the ingress supply-pipe, which performs a curve into the 
top of the double-action valve 13, C is the supply-pipe continued on 
its ascent to the cistern. D is the waste-pipe through which the pipes 
are emptied. E is the small copper tube containing a measured 
quantity of water ; it is supported bj a small bracket attached to 
the pipes. F is the piston accurately fitting into the copper tube, 
and acting in direct conjunction with the valve in fi. O is an ai' 
vessel. Now, if frost act on the small copper tube, the water 
contains is the first to freeze, expand, and elevate the piston, whiel 
in its turn pushes up the valve from its present seat, and shuts it 
with great force against the projected extremity of the ingress sup- 
ply-pipe. A passage is thus opened between the ascending snpplj- 
pipe C and the waste-pipe D, through which the whole water in the 
pipes immediately escapes. By this means the water is shut off, 
and the pipes emptied at the same time. By observing that the 
valve shuts against the pressure of the water, it is evident that 
Boon as the water again becomes fluid, it must exert that 
pressure on the valve before it can escape, and it thus constitutes tl 
external pressure, if any were required, to depress the piston whi 
the temperature returns to its normal state. 

This construction of valve overcomes the only remaining difficulty 
to the effective working of the apparatus. It should be attached to 
the supply-pipe at the voi'y lowest part of it. The place where the 
pipe enters the house — often that of the cellar, area, or other low, 
exposed situation — is the best. The water-pipes should possess a 
downward inclination to this point — as, indeed, is generally the case 
— for the purpose of being completely emptied. 

Mr Charles Baldwin, civil engineer, of Boston, United States, 
whom I am indebted fur much valuable information on this subjecl 
suggests that an instrument of this kind might with advantage 
employed to indicate the sudden approach of frost. Other appli 
lions of a similar nature may very likely be made. Meantime, 
rest content with pointing out the existence of a principle which 
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calculated to eupplj a desideratum long and uiiiTeraally acknow- 
ledged, and which tnay be described, in a word, as the simple appli- 
cation of the expansive fuico of Oae bodj of nater, while freezing, to 
counteract the destructive consequciices which are the ordinary cha- 
racteristics of another. 

Climate and Mortali/y of Glaagotv, 1851. By Robert DomDAS 
Thomson, F.R.S.E., Lecturer on Chemistry in the Umveraily 
of Glasgow. 
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The mean height of the barameter, corrected, for the year, vae 
29-742 incheE, and reduced to the level of the sea, 29-892 inchisj 
this very nearly approaches the usual ly-asaunied harometric pressure 
at the sea-levci, or 29-92 inches, the difference being only iJlSs in 
deficiency as respects the year, Tha pressure of dry air at the level ■ 
of the sea, would he 29-581 inches. The pressure of vapour in thff* 
air during eleven months, was -284 inch, and the vapour in a cubii! I 
foot of air 3-26 grains. The total fall of rain was 31-24 inches;r 
the mean of five preceding years being 34-04, and of six years, in-J 
eluding the present, 33-6 inches, The number of days on whichi 
rain fell was 180, giving an average of nearly S^ daye per weeliM 
the greatest number of rainy days being in January, and the least ioa 
September. The greatest height of the barometer during the year J 
was 30-503 inches, on the 28th December, or at the level of the Be*fl 
it would have stood at 30'663 inches. It was remarkable that at | 
this period, when the barometer wras considerably above 30 inches, 
the atmosphere was generaUy obscured by thick fogs and by frequent 
drizzle, with the wind from the S. and S£, The lowest depression 
of the barometer was 20-736, on the 14th July, with a S. wind, | 
accompanied with a fall of rain ('61) upwards of half-an-inch la 
depth in twenty-four hours. The range of the barometer has there- 1 
foi-e been 1-897 inches. I 

The distribution of the temperature of the year has been somewhat'l 
irregular. The month of Januai-y was i-emai'kably mild, the mean f 
heat being 41°-5 or about 7° above that of the year 1850 (34''-3" 
and notwithstanding the wetness of the season, the first two months ' 
of the year were not unfavourable to health. The mean tempera- 
ture of the first half of the year was 45''-3, of the second half, 49''-5, 
and the mean of the whole year, 47°-4 — a number considerably 
higher than could be anticipated from the latitude. It remains to 
be asceitalned, by future observations, whether the excess of tem- 
perature over calculation is dependent on local causes. The 
temperature to the west of the city, during the year 1850, was found ' 
by Mr James King, at 9 a.m., 47°'6, and at 9 p.m., 47°-7 ; and by 
applying the Greenwich corrections, these numbers become a mean 
of 48 , affording a close approximation to the results of the present 
year. The instruments were compared with the Greenwich standard. 

The highest temperature attained during the summer was 82''-4, j 
on the 30th June, and during ihe two preceding days the maximum 1 
thermometer reached 80°-6 and 81"-!, — a rare circumstance in this I 
latitude. The highest heat at Greenwich Observatory, at tlie samo i 
period, was 87°, with a westerly wind. The lowest temperature of I 
the year was 25''-9, on the 3d December, making a difference in the 1 
extremes for the year of 56°-5. The connection of the temperature I 
with the mortality, in the different months, will be best observed by 1 
constructing a table on the following plan : — 
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Mortality and Temperature in Different Months in 1851 
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The effeut of cold on the total mortality is sufficiently obvious in 
November and December, and particularly on the aged and consump- 
tive subjects. There can be less hesitation in tracing Uie increased 
deaths, in some measure, to the depression of temperature, as no 
epidemic prevailed peculiarly in these months. The fall of the tem- 
perature from 4&° to 28°, destroys, in London, from 300 to 500 
lives. Hence we can readily undei'stand how it may have happened, 
that a considerable portion of the 237 cases of excess of mortality 
in December over October, may have been duo to the operation of 
this depressing influence during the cold month of November. The 
effect of temperature may probably appear more striking from a 
comparison of the various quarters of the year in a population of 
360,138 — 

]st Quarter. 2tl Quor. 3d Quar. 4th Quar. 

Jon. to DlBTCh, Apr. to June. July to Sept. Oct. to Dec 

Meanfemperatnie, ...41-2 49-5 55'4 43-? 

Total mortality, 2634 2535 2672 2917 

AbovoGO, 359 290 283 386 

Consumption 604 471 466 491 

DUeases of the Lungs, ... 190 153 305 

Zymotic, 751 885 1063 102S 

The total mortality during the winter quarters of the year 
amounts, according to this table, to 5551, while that of the two 
milder quarters is 5107, shewing a difference in favour of the 
warmer portion of the year of 444 — the total mortality during the 
year being 10,746. That this moitality was not greater during the 
last quarter, when the temperature remained protractedly depressed, 
was undoubtedly due, in some measure, to the improved condition of 
the poorer classes in regard to food — that most natural and powerful 
bulwark against the attacks of disease. Nut with standing, however, 
tlie circumstance that it is possible to account for the excess of 
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mortality in one portion of the present year over anotUer by natural 
causes, tliere is an excess of deaths in this city over most other 
towns, for which some other origin must be sought. The forbidding 
aspect of a large portion of the dwellings In the older parts of iha 
town, engendering, as they do, an absence of due self-respect, fol~ 
lowed by low and debasing habits in their inhabitants, is scarcely 
surpassed, in regard to extent, in any other British city. UuforOi' 
nately, the application of proper sanatory meaaures, by the formation 
of new, well -ventilated streets and houses, instead of the coiidenaej 
tiabitatiuns at present existing, has been confined to the great Me- 
tropolis, and will be employed as another argument in favour oT 
centralisation, unless our local authorities aro speedily prepared tc 
devise and apply the adequate remedy. Another desideratum among 
those classes most liable to disease, is a plentiful supply of the pi 
water which can be obtained fur domestic use, free from sewerage : 
the connection between impurity of water and mortality, having been 
well illustrated in the condition of London. Again, it becomes a 
question of import to health, if tlie noble Clyde, with its 
like waters and impure exhalations, be not equally conveying, in its 
present state of pollution, wealth and malady to a teeming city. 

And lastly, the fearful mortality from sntollpox and other ea- 
demies, urgently demands that the Scottish popul^itien should bi 
placed on an equality with that of England, by an extension to oui 
kingdom of the Vaccination Act, as well as of the Registration Act 
which, if committed to the excellent administration of tlie B^strar 
General of England, could be brought into operation, with the msr 
chinery at present in existence, with but a trifling addition t9 tlu 
expense of the country. Scotland would thus be reraoTed &om ^ 
iinenTiable position of being cUssed with Spain, Greece, Hungary, 
Turkey, and Ireland, as the only parts of the civilised Statei 
Europe wheiy: authentic official registers are not kept. 
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Since the commencement of the present century 
made such rapid advancement that it in a great 
possesaea a new and a different character. Some of Hi 
branches have so fai- influenced the progress of society tha 
our present position results almost entirely from their appli- 
cation to the common businesses of life; and others may 
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said to have liad their origin since the beginning of tho 
nineteenth century. Amongst these there is none which has 
made more gigantic strides than geology, wliich Beems to 
have burst from its swaddling bands, and liurried forward in 
its progress until it has become of Herculean proportions. 
This rapid progress which geology has made is in a measure 
owing to the circumstance, that this science consista In the 
application of facts, which other branches of science have 
furnished ua with, to the form, structure, and contents of the 
planet which we inhabit. In the applica,tion of these several 
facts it became necessary, that, in order to any great pro- 
gress being made, there should be subdivisions in geology as 
to lead to the application of two distinct sets of facts ; one 
derived from what, in a restricted sense, has been termed 
physical science, and the other, information which natural 
history has given to us. To the former we are indebted for 
a Itnowlege of the conditions which have caused the different 
mineral deposits, and also the mode in which these are ar- 
ranged, as well as other circumstances connected with their 
occurrence ; and to the latter we owe what information we 
possess concerning the vai'ious races of animals which have 
at different periods been occupants of our earth, and wliich 
mark epochs of existences, and indicate the conuneneement 
and termination of the several geological formations. A tsnow- 
ledge of natural history is required before any advancement 
can be made in ascertaining the forms and structure of the 
multitudes of species which existed anterior to the present 
order of things ; and as these ancient types of organic beings 
are devoid, to a great extent, of such characters as are now used 
in discriminating existing species, it became necessary that 
other and more permanent characters should be adopted, by 
which to trace out the affinities of extinct forms ; and, conse- 
quently, we have that branch of natural history called Pale- 
ontology devoted to the examination of the characters and 
nature of the fossil remains which are obtained from tlie sti'a- 
tified crust of the earth. The remains of extinct races of 
animals are found in different states of preservation. Of the 
lower tribes of organic beings, such as zoophytes and shells, 
the structure is such as to furnish ua, even in a fossil state., 
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with many distinct chavactei-i sties of their original oatun 
Even the whole tribe of invertebrate aDimala have their 
temal forms commonly so well preserved as to afford sul 
cient evidence of their relationship to existing types. 
case is diiTerent with vertebrate forms, moi-e particularly 
with such as are inhabitants of the land : for these, when we 
have any traces of them, from the rocks which generally fur- 
nish organic remains, ai-e in such a atate as to atFord com- 
monly only a fragment of a bone or a tooth, and yet from 
such fragments the palaeontologist is able to fashion the 
original animal of which these formed one part, to place 
in its natural habitat, to tell uswhether it browsed on a luxi 
riant vegetation, or fed upon the herbivora which were 
companions on the earth ; whether, like the lion, it consumed 
its food in its lair, or, like the hyena, dragged it to some dusky 
cave, there to grind the bones of its victim at its leisure. 

The existence of former races of animals does not depend 
Bolely upon the remains which their structure has left in the 
form of their bones, teeth, or other solid parts. We have suf- 
ficient evidence to shew, that forma, of which 
particle left, have at various times been inhabitants of poi 
tions of our earth, leaving no other traces of tbeir formi 
existence sare their footprints on the soil over which thi 
traversed. 

The description of these footprints, and the inferencei 
which have been drawn from them, has given rise to a branch 
of palasontology called Ichnology, and to this branch we are 
indebted for many important additions to onr geological 
knowledge. The Indian hunter, as he pursues that vocation 
to wliich he owes his existence, acquires information concern- 
ing the various kind of animals which are likely to becomi 
his spoil, from the impress which they have made dnringtheti 
progress from one place to another ; and the ichnologist, b; 
examining the different tracks which he finds on the several 
beds of sandstone, arrives at a knowledge of the animals 
which have formed these tracks, and also infers from them 
i\hat were the circumstances and conditions required 
these animals when they were tenants of the sandy 
nhiclt at early periods ma-vgined tte tremulous sea. 
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It is now about twenty-six years since Dr Duiieuu of 
Ruthwell first brought fossil footprints under the notice of 
geologists. These, when first discovered, were so unique, 
that Dr Buckliind, to whom tlie subject was first intimated, 
was disposed to consider these footmarks as either fossil 
(shells partially decomposed, or clay concretions. After in- 
specting casts forwarded him by Dr Duncan, he arrived at 
the conclusion that these impressions were veritable foot- 
prints left by animals which existed at the epoch when the 
red sandstone of Dumfriesshire was being deposited ; this 
being the formation in which these footsteps are found. 
After the discovery of impressions in the sandstone of Corn- 
cockle Muir, Dumfriesshire, the attention of geologists be- 
came directed to this subject ; and in a short while other 
districts were found to afford fossil tracks. Amongst these 
the new red sandstone of Hildhurghausen, in Saxony, fur- 
nished specimens of Batrachian forms ; similar tracks were 
also obtained at Stourton quarry, on the south side of the 
Mersey, opposite Liverpool, and at Lynne also, in Cheshire. 
Afterwards the same county afforded this form of step, in 
conjunction with the impressions of Saurians and Tortoises, 
at Weston Point. Warwickshire and Staffordshire also were 
found to contain fossil footprints in their new red sandstone. 
A deposit of a similar ago, although of a somewhat different 
nature, in America, was met with, having its beds impressed 
with the footprints of birds as well as reptiles. For a con- 
siderable time the new red sandstone was regarded as the 
only formation from which these impressions were obtained, 
but they are now procured from the lower portion of the 
coal-measures in America ; and in this country the Devonian 
sandstone at Elgin shews fossil footsteps, and recently even 
the Potsdam sandstone, which appears to occupy a position 
equivalent to the Llandeilo flags, the base of the Silurian, 
has, in Canada, made us acquainted with the existence of 
reptile footprints at a period which is about the earliest 
from which we possess evidence of the existence of organised 
beings. With the exception of the impressions caused by 
birds found in America, the whole of the footprints are of 
Buch a nature as to indicate a re\at\QTi \.o ve\i\!'\e,'i-, ■a.v.^i. 
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amongst these we have representatious of Chelonift, Saima, 
and Batracliia, the three forma of reptile life, the only oiM 
wanting being Ophidiro, which, from its structure, conld not 
loave any traces of its former existence in the form of foot- 
steps. With respect to the ti-acka which occur in the Pots- 
dam sandstone, these shew their affinity to the steps of the 
Emydian family of Chelonia; and Professor Owen, from hi 
examination of them, refers them to this form, hoth owinj 
to the smaller size of the anterior extremitiea, and also iroi 
their legs appearing to have been of shorter length thi 
those of land-tortoises. The fact of this animal having 
some of the steps left traces of reticulation, and a groove 
whicli runs intermediate to the footprints of each side, leads 
to the conclusion that this chelonia was furnished with a 
projecting keel or plastron. Concerning the impressions 
fomid in the Devonian at Elgin, these seem to have beeo 
caused both by lizards and chelonia ; and the occurrence of 
the Telerpeton Elginensis, a Lacertian form, whicii has left a 
portion of its structure in the sandstone of this locality, 
places us in possession of the oldest remains, except foot- 
prints, which have yet been discovered of vertebrata. ^he 
impressions which occur in the carboniferous rocks have, in 
general, a Batrachian character. In the coal-measures of 
Bavaria tlicre have been obtained skeletons of reptiles, and 
some of these, according to Herman Von Meyer, 
provided with hands and feet, terminating in distinct toe8;' 
but these limbs were weak, serving only for swimming 
creeping." This anatomist shews that these reptiles have 
some analogy to the Proteus anguinus, a reptile at the pre- 
sent time inhabiting subterranean lakes. It is, however, ta 
the trias, the base of the secondary division of the geoli 
gica! formations, that we have the most abundant evident 
of the former existence of reptile life, as left by their fooi 
prints. In this formation they occur in the greatest plenty ii 
the Variegated sandstone (or Banter sandstein), which fori 
tlie lowest portion of the trias.* 
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Wliether their great abundance here be owing to this de- 
lOBit being of a nature more capable of receiving and retain- 

; impreBsions, or to reptilian life prevailing to a greater 
ixtent during this period, or to the sandy nature of tliia 
deposit forming a suitable habitat, is a question which yet 
remains to be answered. In this formation, however, many 
nd various forma of reptiles iiave left their tracks, and these 

icka are in a much better state of preservation than those 
Fliich the other formations afford. 

Variegated sandstone, from whence the gi'eat bulk of the 
chnolite markings are obtained, generally affords them in 
J conditions ; one in which they are seen on the upper 
Vurface of the sandstone strata, and consisting of depressed 
markings, and the other when they occur in the under side 
i>f the stony layers, in which case the footprints are in re- 
lief, and form natural casts of impressions, commonly from 
I clayey deposit, which is usually too thin to be removed 
»erfect from its original bed. The character of these im- 
ireBsions, so far as their perfection is concerned, depends in 
jreat measure upon the nature of the substance receiving the 
footstep, as well as upon the action of the water transports 
hig the sandy matter which covers up and overlies the strata 
containing the impressions. When the animal has traversed 
i dry, sandy shore, we have the footprints distinct, so far as 
order and succession go, but, owing to the yielding sand 
trickling into the impresfiiona as aoou as the foot which 
cauaed them had been withdrawn, these tracks rarely pre- 
sent that sharp and deEnite outline which would enable a 
satisfactory conclusion to be drawn from them, concerning 
the form and nature of the animal to which they owe their 
origin. If the nature of the substance over which the ani- 
mal walked was originally in a state approaching to quick- 
sand, from its being saturated with water, then the character 
of the impression has been greatly modi6ed. Under these 
circumstances, it usually happens that the marks of the fore- 
feet have been obliterated, while the hinder ones consist of 
t series of steps, with a rounded outline in front, and gra- 
dually becoming shallower behind, until they are each about 
the level of the faee of the stratum receiving t\ie\va'^"ttt'fe'«\o"c\i 
and the bnvk-i<aft of the footprint is comTWOu\^' Xo'aV 'ft\^"v'>.: »^- 
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The absence of tlie impress of the fore-feet in beds which 
have oi'iginaliy been satui-ated with water, appears to arise 
from the circumstance that these animals in their progrei 
sion caused their hinder extremities to form a deeper 
presa than the fore ones ; and this affords another proofs 
the universality of the laws of natnre, not only so far- 
present existing races are concerned, but likewise duri 
periods long antecedent to the present order of things 
it is a fact that all walking animals have their posterior 
extremities so organised that in them shall reside to the 
greatest extent the power of progi-eaaive motion. The im- 
pressions are usually found in the most beautiful state 
preservation when they occur either on the surface of a bed 
which contains a small portion of clay in its composition, or 
on a thin deposit of clay itself, "When either of these is the 
case, the impress of each pair of feet is distinctly seen, shew- 
ing the form and arrangement of the toes or claws, and the 
hinder pair of steps are generally more perfect than the fore 
ones, which have often become partially obliterated by the 
hind feet treading upon the impressions caused by the forff: 
ones. The reason why the footprints in this substance are 
in so perfect a state, is owing to the clay preventing the sand 
from falling into the impressions, and the nature of the ma- 
trix receiving the steps is such as to afford a soil sufficiently 
soft and yielding to receive a perfect impress, and, at the 
same time, sufficiently tenacious to retain all the fine traceff' 
left by the step after the foot had been withdrawn from the 
impression. The circumstances attendant on the occurrenw! 
of footprints when they are met with in this matrix, are snobJ 
^o-npear most favourable to the perfection of impressions. 

The'offerent states of preservation in which the impres- 
sions occup.'^iirniBh us with important information ooneern- 
ing the nature aid condition of the surface over which the 
reptiles passed. In the imperfect traces which are found, 
not only on the sirfaces of some of the strata, but also in 
the interior of tke stone when this is split along the laminB 
of its bedding, we have evidence of a soft sand not cohesr 
enough to retain distinct forma of footprints. In those 
pressions which have a rounded outline, we see a surfai 
wA/cL at one 'time was yie\dvng awi \,Yett\«\«Ms, ■ci^tfe^^i'R'Cw 
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tlie quicksands of our modern shores. And in the clayey 
deposits we find the action of quiet water, such as at the 
present time causes the muddy silt which occurs scattered in 
patches along a sandy const. Such conditions and such re- 
sults now prevail between tidal levels ; and such conditions 
and such results have prevailed, under similar circumstances, 
along the ancient shores of the sea, long prior to anything to 
which our ideas can attach when we talk of antiquity — con- 
ditions which appear to be almost contemporaneous with the 
existence of animal life. 

Couceming the animals which have produced these ich- 
liolite tracks, they seem to have been not only of different 
forma, but likewise to have been of various natures, accor- 
ding as they existed during the periods when the trias was 
"being deposited. Those impressions which first attracted 
attention have been assigned by Professor Owen to Che- 
Ionia, and, from the equal size of the pairs of feet he refers 
^these footprints to Testudiniffl, rather- than to Trionicidefe, 
the otlier two forms of tortoises which might have been 
supposed to produce impressions. These steps, which occur in 
great abundance in the quarry of Corncockle Muir, Dumfries- 
shire, have been distinguished by the name of Testudo Dun- 
tani ; but as the generic appellation is used to designate the 
existing forms of land-tortoises, Sir William Jardine has sub - 
Stituted in its place the name Chelicknus. Tlie same locality 
Which furnishes the impressions of the C. Diincani, also 
jfkffords another form somewhat allied to this species; but 
fehe steps being of much more gigantic proportions, this form 
bas been termed C. giganteus by Sir William Jardine, and 
[ts specific characters are such as at once to separate it from 

! small species. Other reptilian forms of footprints are 
obtuned from this quarry : there is, however, considerable 
Sifficulty in making out the relation which tliese form of steps 
bear to existing families ; but in other pai'ts of Dumfries- 
ih-ire there occur associated with the impressions of the 
Ohelicbniis tracks of both Lacertlan and Batracliian animals, 
iUnd these appear to occupy a position similar to those which 
are found at Corncockle Muir. 

These Lacertian and Batrachian Impressions from the 
rina of Dumfriesshire differ in some Yea^wl* ^XO'nv ■Owa^.t 
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which tliia forroation containB in other localities ; and tliu 
position in which they occur in the Variegated sandstone in 
this county, is such as to lead to the conclusion, that hero 
they occupy a lower zone than any which have hitherto been 
found in the Variegated sandstone. In the Cheshire beds of 
new red sandstone, we also find impressions caused by Ghe- 
lonia apparently allied to the genus Oholichnus, and, along 
with this step, we have the footprints of the Lacertians in the 
form of the Rhynchusaurus ; and also of the Batracbians, aa 
represented by the tracks of the Cheirotherium. All these 
forms are seen associated in the new red sandstone of Weston 
Point, where they ai-e seen in the form of natural casts on the 
under surface of one of the beds of sandstone lying upon a 
thin deposit of red clay, over which these animals had fo 
me rly traversed. Impressions of the Rhynchosaurus are all 
obtained from the trias of Warwickshire, and elsewhere 
this deposit in England. In Chesliire, the highest beds of 
the Variegated sandstone contain commonly only the steps of 
the large Cbeirotherium, and this form of step is frequently 
seen in the higher beds of this deposit on the continent. It 
would appear that during the epoch occupied by the deposition 
of the Variegated sandstone, there bad been three distinct 
creations separated from each other by certain periods, during 
which more than one species of reptiles have ceased to exist. 
First and lowest, there was the epoch of the Chelichnus, the 
Herpitichnus and the Lacertians and Batracbians, which in- 
habited our earth in the earliest epoch of the trias, and which 
had, to a great extent, disappeared when the next form, the 
Rhynchosaurus, makes its appearance. This Lacertian type 
occurs in the greatest abundance during the interval which 
separates the Cheliclinus and its contemporaries from the eck^^l 
of the Cheirotherium ; and this latter form occurs usually ^^| 
the higher beds of the Variegated sandstone, where it is iit^^J 
terstratified with beds of blue, red, and white clays, a oircum- 
stance which shews an approximation to the superior deposit 

of the trias, — the Keuper. It would, therefore, appear that I 

in Dumfriesshire there existed reptilian foi-ms previous ^^H 

. those which have impressed the sandstone of England wit^^| 

E""^ their footsteps. ^H 
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The Tortoises, the Lizards.and the Batrachians, which at this 
poeh occupied places on the surface of the earth, must, from 
heir nature, have been difl'erent in their habits as well as in 
he localities where they had their abode. And although we 
neet with the impressions of these varions reptiles under cir- 
mmatanccs remarkably similar, and even in som9 instances 
esociaied together, yet it by no means follows that all the 
eptilian forms of life were of such a nature as to occupy the 
ome habitat, and require the same conditions and food for 
heir existence and development. 

"With respect to the Chelichnus, we have already seen that, 
rom the nature of its footprints, Professor Owen regards it 
Ls allied to the land-tortoisea. With such an affinity it ia 
lifficult at first sight to perceive how it came to leave so 
ibundant traces of its former existence on what was origi- 
lally the sand of the sea-shore. The nature of its food, as 

rell as that of the land-tortoises now occurring, must have 
wen derived from the herbage which clothed the adjoining 
and, and the frequency of its tracts indicates that its pre- 
tence on the sea-coast was not a matter of comparative acci- 
dent, but for the purpose of fulfilling some object connected 
pith its natural economy. Sir William Jardine has remarked, 
ihat in the impressions of Corncockle Muir, the tracks gene- 
Pally run from west to east, or in a direction which appears 

J have been from the water towards the land. Occasionally 
fcracka may be found running in an opposite direction, but 
tbese are commonly faint and imperfect ; and Sir William ia 
of opinion, that the perfection and regularity of the tracks 

1 one direction is owing to the circumstance, that the re- 
beding tide had so saturated the sand with water that the 
impresaions became obliterated as soon as made, while on 
the return of the animals sufficient dryness enabled the shore 

) retain more distinct footprints. The uniformity in the 
Direction of these tracks seems to point out to something con- 
nected with the mode of life of the types of Chelonia, which, 
during the epoch of the new red sandstone, were inhabitants 
■of Scotland ; and it is probable that the forms of land-tor- 
toises ^hich at this time exist, have something connected 
with their economy which will afford an insight into the mo- 
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of worm casta, and the occasional occurrence of tracki^ 
cuused by wandering molluscs, point ont the former i 
iatence of animala wliicb Lave left no trace of the organise 
forms ; and but for tbese results of their mode of life i 
should have been in ignorance of their having been occu- 
pants of the shore in the ei-a of the Variegated sandstone. 
The occurrence of iebnolites is abundant evidence of the _ 
former existence of the animals which caused them, andJ 
it by no means follows that because we have not sofii'^ 
cient, either in the form of organic remains or in tracks, o 
other evidence that no other animals co-existed with thq 
Cheloniie, the SauriEe, and tlie Batrachiee; and this mayariec 
from the circumstance, that these animals were incapable o 
leaving such evidence, for it is only from animals furaiahes 
with feet that we can expect footmarks, or from worms oH 
wandering molluscs tliat we should have tracks. The absence 
of organic fragments from the Variegated sandstone is in al|| 
pi-obability owing to this deposit being of such a nature as 1 
be hostile to their preservation, The large quantities i 
peroxide of iron tvbich abounds in the sandstone of its bet 
must have exei-ted an injurious influence on any organic 
bodies which may have been contained therein. Animal on 
vegetable matter, subjected to the agency of this aubst^nceJ 
is rapidly decomposed, the peroxide of iron furnishing i 
equivalent of oxygen to aid in the decomposition of car- 
bonaceous matter, which, heintf converted into carbonic acid, 
unites with the protoxide of iron, forming carbonate of iron, 
which, on exposure to the atmosphere, is rapidly converted 
again into peroxide, and is in this state again in a poaitionl 
to effect a further change on other organic substances, Byi 
this means the carbonaceous portions were doubtlesa i 
moved from the bones which may have been buried in thfii 
sand, and the percolation of water charged with carboniflj 
acid, would speedily remove all traces of calcareous matteT^ 
It is pi'obahle that to these circurastancea we owe the ab< 
sence of organic remains in the Variegated sandstone. 
the same circumstances, where they have occurred, would 
also deprive other formations of their organic contents 
Sandstones, generally, are Jefteient in orsanic remains, anfl 
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nliis perhaps arisps from the porous nature of this suh- 
t stance, as well as from the action of oxiiie of iron ; for the 
arrangements of the particles in these deposits are such as 
to allow free access, both of atmospheric aii* and also of 
moisture, which would soon obliterate all traces of these 
organismB ; while in deposits, where they have been rapidly 
covered with mud or any substance impervious to air, these 
would remain little changed, and capable of furnishing infor- 
nation concei-ning the creatui-es of which they formed a 
part. 

Had it not been for ichnolite impressions we should have 
been induced to conclude that the presence of reptiles infor- 
mations anterior to the lias was so rare that these animals 
existed only to a small extent. With regard to chelonia, 
without footprints we should not have been aware of their 
occurrence ; and when we reflect on the conditions necessary 
for the receiving and retaining of tracks, as well as that sucb 
(racks have been mode only in a littoral zone, we must arrive 
at the conclusion, that negative evidence, so far as regards 
geological formations, will not enable us to say that certain 
classes of animals had no existence, because we find neither 
organic remains nor footprints. The nature of almost the 
ivbole of the deposits which constitute the geological forma- 
jtions is such as to indicate that these have originated from 
be sea, and it is rarely that in these marine beds anything 
fl met with to shew what was the nature or form of the in- 
iiabitants of the land which was above the surface of the sea 
during the different epochs. 

That dry land existed at an early period there can be little 
ioubt, and it is equally probable that this dry land had its 
iccupants as well as the waters of the ocean by which it was 
nirrounded. What the nature of these occupants may have 
been during the time when the Variegated sandstone was being 
ieposited we have at present no means of aniving at, except 
,t the land-tortoises, which have lefttheimpressof theirfoot- 
Bteps on this sandstone cropped the vegetation which clothed 
de soil, and drank of water which drained from the surface 
of this land. The recent discovery of a fossil tooth in the 
trias, of a form shewing that its posaeBsor tou^^, Wns: Veew 
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a maminifer which was probably insectivorous, gives us 
earliest evidence of the existence of mammalia ; and although 
this tooth appertains rather to the Kenper than to the Varie- 
gated sandstone, it shews that highly organised beings were 
inhaliitants of our earth at a period little posterior to that 
when Tortoises, Saurians, and Batrachians tenanted the land 
and sea-shore. 

The absence of any deposits of a fluviatile nature, 
of the older formations is doubtless the cause of the wi 
of evidence concerning terrestrial animals in the older epochi 
It is only from snch fragments as by accident find their way 
into the rivers and streams di-aining the solid ground, that 
we derive any information of the occupants of the land ; and 
even this circumstance, as well as the numerous cat 
which operate to aid and assist in the destruction of tli«j 
fragments which by accident find their way into the 
tend to render tbe occurrence of these fragments in the solil 
crust of the earth a mattei' of great rarity. During the 
riod of the deposition of the trias, there is every reason 
believing that an abundant and luxuriant vegetation pre- 
vailed ; and that this was of such a character that its foliage 
was well capable of being preserved. Yet although the Va- 
riegated or Bunter sandstone has been extensively wrought in 
Great Britain for building purposes, it hasnever furnished any 
distinct trace of the vegetation which at this period obtaini 
on the earth's surface. Even in our own time, the folia] 
which each year is cast from the vegetation now prevaili 
so entirely disappears, that it is only under some peculiar 
(arc um stances, that we find any well-marted traces of it 
after a short time ; therefore we can seldom expect to find 
such evidence of terrestrial inhabitants, which at remote 
epochs have been tenants of the land, in any of the deposits 
which liave resulted from marine agency. On the whole, it 
would appear that the fossil remains which occur in the 
various strata are an exception to the general rule, which 
indicates that the destruction and disappearance of organic 
forms prevailed more particularly, so far as terrestrial heingHtj 
were concerned. 

We may therefore concVwde, tK&t aloug with reptih 
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tjther creatures of a higher organised type occurred, and 
that these fulfilled the objects, and occupied the places, of 
such niatnmalia as now prevail ; — that along with the Lizards 
and Batracliians inhabiting the triasaie shore, birds which 
probably represented the sandpipers of the present day ex- 
iated, and found their food amongst the shallows and mud of 
this ancient beach. 

The occurrence of ichnolites in the Potsdam sandstone, 
the base of the American Sdunans, goes a long way towards 
overthrowing the opinions which have been entertained, that 
in the older formations organic forms were of the lowest 
types. And when we reflect that these formations are exclu- 
sively of marine origin, the cause of the generally low deve- 
lopment of the remains at once presents itself. In the case 
of the footprints, these are not such as to ally the Cheloniie 
which formed them with those which impressed the Variegjated 
sandstone. The impressions of the Potsdam sandstone have 
relation rather to Emydia than to land- tortoises, and in 
theso impressions we have indications not only of an exalted 
form of animal life, but likewise of one inhabiting either an 
estuary or fresh water ; and from this circumstance we may 
infer that the drainage water of the land found its way at 
this early period to the sea, and as there was an estuary and 
fresh water, so there must have been dry land, which had 
probably its inhabitants, concerning which we are at present 
in total ignorance. The ichnolites of the triaa afford evi- 
dence of an important character, so far as the creation and 
existence of organic forms are concerned. In the low beds of 
the Variegated sandstone, as they are developed in DumfKes- 
shire, we have the impressions of several species of Chelonice, 
Sauri^, and Batrachiic, differing in theirfootprints, and conse- 
quently in their nature, from those which have been found in 
tlie higher beds of this formation at Weston Point, Cheshire. 
At this locality, however, we meet with occasionally the im- 
pression of a small tortoise, which appears to be allied to 
one of the small impressions of Dumfriesshire. On the 
whole there is still sufficient to shew that different types in- 
habited the shore here ; and as there are certain indications 
that at Weston Point the sandstone occupies a higher ^osi- 
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tion than the beds which in DumfriesBhire famish imprel 
sions, we may conclude that at the former the animals were 
of a newer creation, and also that many species which had in- 
habited the Variegated sandstone shore in the latter locality 
had ceased to exist prior to the creation of some of the rep- 
tiles which have left their tracks on the beds at Weston 
Point. The footprints which have been obtained from the 
white sandstone of Stourton and Lynne differ likewise from 
those of Wester Point ; and as these beds indicate an affinity 
to the Keuper we may infer that in them we have also eyi- 
dence of a creation of species of reptiles appertaining to the 
base of the trias, subsequent to that which called into exist- 
ence the reptiles which impressed the Weston Point deposits; 
and from these localities in the Variegated sandstone, vi 
Dumfriesshire, Weston Point in Cheshire, and Stourton in thi 
sam^ county, we derive information which leads to the ooi 
elusion that three epochs of creation prevailed during the 
position of the Variegated sandstone. 

The creation and destruction of species, arc matters wbii 
are involved in considerable obseurity- The present form) 
of organisation which occur, are, in some cases of extensii 
geographical distributions, and in others are in a great irn 
sure local. In the former case, forms appear to have been 
transported from one country to another, by means of which 
we have at present no evidence. In the continents of Europe 
and America, we have species of vegetables common to both, 
and yet we liave no means of ascertaining how this came to 
take place, except by conjecture, which would lead us to 
conclude that at a pei-iod anterior to the mammalia which 
now abound on both continents being called into esisteace, 
the two continents were connected together, but were severed 
before the animal forms of the present time were created. 
For if this had not been the case, it would he difficult to con- 
ceive why we should not have a resemblance in animal as 
well as vegetable species. This conjecture as to the reason 
why in Europe and America we have some forms of vege- 
tables similar in species, is supported by the fact, that, at 
epoch slightly anterior to our own, the fauna of Europi 
■ and America, possessed several species common 
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these difl'erent continenta. Indeed, at tliis period it, seems 
that the fauna of theae continenta hod a more intimate con- 
nection than that which now obtains in the two portions of 
America separated by the narrow istlunua of Darien. Pro- 
bably the vegetation which has in part its representing 
species in Europe, ia a portion of the tiora of this epoch ; and 
it would seem that such plants as are exclusively American, 
have had a more recent specific origin. 

This leads to the conclusion that such plants as are of 
ejitensive distribution had an existence anterior to our pre- 
sent fauna; and that certain vegetables were older than 
mammalia might be expected, inasmuch as this prior exist- 
ence was necessary in order that herbivorous quadrupeds 
might be supported. The faunas and floras whicJi now exist 
are made up of animals and vegetables as widely differing from 
each other as the areas these occupy are remote. The ani- 
mals and plants of America have, on the whole, not only a 
specific but generic character peculiarly their own, and the 
aame remark applies to other large districts of country. In 
Australia the fauna is very imperfect, being repi'esentfid by 
only two families, the Marsupials and Rodents ; and in many 
of the large islands of the Paeiiic it ie questionable whether 
Mammalia has any aboriginal representatives, such forms 
AS are met with having probably been introduced by the aid 
of man. With districts having distinct faunas and floras, 
and with the probability that such species of plants as have 
extensive geographical distribution, are of a more ancient 
origin than those having a local habitat, we may infer that 
the forms making up the fannre as well as the floras which 
DOW prevail, were not called into existence at one period, be- 
cause such a supposition would lead to the conclusion that the 
different continents made their appearance above the surface 
of the water at the same time, or else that large tracts of 
land existed above the surface of tlie sea unoccupied for a 
considerable time by any inhabitants ; a cii-cumstance which 
is contradicted by the evidence which all the geological for- 
mations afford. It is probable that in the case where one 
portion of land became detaclied from another, that it would 
retain for a while all the plants which flourished upon it whca 



forming a portion of the land from which it was separate 
But the separation itself would produce climatic inBueDces^ 
such as would ultimately prove destructive to many forms o 
vegetation, leaving only such planta aa wei-e capable of en-rl 
during the new conditions produced by the separation ; and 
aa we find distinct speciBc forms both of plants and animals 
occupying the detached laud, so we are induced to infer that 
these have had their origin in distinct specific creations 
adapted for the conditions under which they were placed. 
With regard to the disappearance of species, although there 
can be little doubt that in some instances unfavourable eir-J 
cumstances such as wo have supposed may have operated i 
the deatniction of some, yet, still, there is reason to belien 
that unfavourable circumstances alone have not produced thefl 
destruction and disappearance of the numberless species offl 
organic forms which have been occupants of the earth aincftf 
the first creation of animal lifo, until the present day. 
the different geological formations, which are each marked 
by organisms peculiar to some extent to itself, we find, with 
a few exceptions, that animal forms rarely disappear sud-< 
denly. We perceive tliem ou their first occurrence few i 
number, but gradually increasing until they attain the i 
maximum development, and from this they by degrees 
lessen in quantity until they at last disappear, waxing 
and waning like the monthly moon. It would seem from- 
the information which we derive from geology, that ther 
innate principle of decay in species, aa well as in the varietie%( 
which are obtained from them. Perhaps the rapid tendency ' 
of varieties to disappear, results from the specific principle 
of decay acting with greater vigour in these forms which 
possess a modification of the specific characters. It would .^ 
seem also, that the creation of a species has not usually foI-J_ 
lowed the destruction of another, the place of which it was tal 
occupy; but rather that after the maximum development 
had been attained, the new form makes its appearance, gra- 
dually filling up the void caused by the decline of its prede- 
cessor. Neither does it appear, that a species which has 
once become extinct, is ever revived ; the Creator manifest- 
ing the illimitability of his power, by calling into being new 
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forms whenever he found it desirable. That species have 
disappeared, and had their places filled by new creations, the 
history of every geological epoch testifies ; and that those 
living things, whether plants or animals, which now possess 
the surface of our globe, were called into being at various 
periods, is exceedingly probable ; and if vfc are to judge of 
the future by the past, — and the unalterable nature of the laws 
n'hich govern both organic and inorganic substances, justifies 
ifaiB mode of judging, — then we may infer that new forms, 
wth of plants and anLoaals, will at future eras he tenants of 
^e earth which we now call our own. By applying similar 
mnciples to the epoch of the trias, we shall iind in the por- 
lion which is represented by the Variegated sandstone, the 
creation and the probable dying out of species, owing to the 
peration of those laws which have governed the creation and 
Sestruction of organised beings. We have from the sui'face of 
the beds of the red sandstone, evidence not only of animals 
which traversed this substance when in a sandy state, but 
likewise of the physical conditions, and also of the atmoapberic 
.duences which prevailed. The pitted faces of some of the 
iteAs tell of the pelting shower, and the nature and direction 
of these pittings shew from which quarters the stonn-driven 
shower came ; and the rippled markings which are seen on 
eome of the beds, lead us to look backward into the abyss of 
'time, to the wandering wave dancing in the sunbeam, or 
lashed into billows by the fury of the storm king. The ini- 
jpressions on the new red sandstone lead the uiiud to an epoch 
BO far back in the history of the eai'th, that we fail to have 
any adequate idea of the distance of this, so fai" as the means 
lay which we compute time. Yet, however remote this epoch 
niay be, it is marked by those phenomena and circumstances, 
which shew that the laws of nature are immutable, and that 
«uch causes were in operation as those which prevail at the 
present time. 

The beauty and perfection in which these footprints occur, 
is such, that were it not for the hardness of the stone, we 
light be induced to look forwards along the track for the 
animal which produced the impressions of which none of the 
solid parts remain, the footprints being its sole relic. Time^ 
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with its I'utLIess hand, has destroyed the monuments which 
man erects, to hand down to posterity tlie records of great- 
ness ; it has swept from the face of the earth all traces of 
the progress of mighty conquerors, and buried in oblivion 
the havoc, the slaughter, and the plundering of the oppressor, 
and yet it has left the evidence of the peaceful wanderings 
of the tortoise, and the footprints of other reptiles, made 
during a period long prior to what we term antiquity. 
" 1 1 ia well to ecan, 
Whut'a writ on this neglected Btone." 

How easily the mind is led to revive in its chambers tiie 
scenes which oecuiTed when this red sandstone formed a por- 
tion of the sand of the sea-shore. To recall the monot<»nou8 
waste overspread "by ribbed sea-sand," moved and driven 
by every breeae, — to behold the distant sea, with its wander- 
ing waves dancing in the aummer'a sun, — ^to see this luminary 
dipping behind the western waters, and filling the face of 
nature with the blush of loveliness, becoming gradually more 
in distinct, as night draws her dark veil over the restless sea; 
then to perceive the ci'eacent moon silvering the ripples of 
the coming tide, and hear the distant moan which foretells 
the brewing storm, and the mourning of the wind in the cham- 
bers of the withered shells ; and again, to look forwai-d oq, 
the western sky and see the dark clouds lower, driven by tliv 
storm towards the shore, and ti-ansientlydimplingthe ocean's 
cheek with rain-dropa until it reaches the sand, where the 
passing shower leaves more durable impress in the form of 
the pitting of fossil rain-marks. The laws of nature 
beautiful and sublime, t«!Ung of the goodness as well as 
greatness of the Creator. 
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Observaiions on the Temperature of the Sea, made during the 
Voyage ^ H,M,S, Rattlesnake, Dec. 1846 — Juli/ 1847. By 
Joseph Dayman, R.N., Lieut, and Assistant-Surveyor. 
{From Mr John Macgillivray^s " Voyage of the Rattlesnake^^ 
vol. i. p. 329.) 



Date. 


Position of Ship. 


Trnnpe- 


Temperature of Sea. 
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of Air. 


Sur- 
face. 
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Singing Birda and Steeet Flowers in Jamaica. 

to outxiDg his rivals, and pourmg fortL Lis full sspressive strains in 
idl the rich variety for which this inimitable aangater is so famous. 
Wilson has truly observed of this delightful bird, that " the ear can 
listen to his music alone, to which that of all the others suenis a mere 
aceompaniment." If all the birds of Jamaica were voiceless except 
die Uocking-bird, the woods, and grores and gardens, would still be 
Terywhere vocal with his profuse and raptui'ous songa. 

In those brilliant tiights, when the fuU-orbed moon shines from 
the depth of the clear sky with such intensity that tlie eye cannot 
gaze upon the dazzling brightness of her face, Bhedding down on 
plain and sea a flood of soft light sufficient to enable one to read an 
ordinary book with ease in the open air, — how sweet, how rich, how 
thrilling, are the bursts of melody that rise from the trees around, 
the serenades of wakeful Mocking-birds. Notliing to be compared 
to it have I ever heard in England ; the night-song of a single bird, 
however fine may be its execution, is no more to be put in compe- 
tition with such a chorus, than the perl'ormance of a single musi- 
cian, though a master, with that of a band. Nightti so lovely are 
seen only in the tropics, and the music is worthy of the night. 

The Water-Thrushes {Seiurus), one of which at least is said by 
"Wilson to be so exquisitely sweet a songster, that he was never tired 
of listening to it, though common in Jamaica during a portion of 
the year I have never heard sing, perhaps because the months that 
they spend in the island are those of autumn and winter. But the 
Wood-Thrush (Turdus mustelimis), or May-bird, as it is provinoially 
called, ia recognised as a songster rivalling even the Mocking-bird 
in the brilliant execution of its melody. This sober- col cured, but 
delightful bird does not extend, so far as I am aware, to the neigh- 
bourhood of the Bluefields, in its transient vernal sojourn ; but con- 
fines itself to the sea-side gi-oves and plains of the windward end of 
the island. 

Besides all these, which, in various measure, perform their parts 
in the music of our woods, and not to mention the multitudes of 
Warblers, and I'ly catchers, and Finches, whose notes, insignificant in 
themselves, help to swell and vary the general harmony, — there is 
another series of voices that must by no means be overlooked in an 
enumeration of our woodland music—the plaintive cooings of our 
numerous wild doves. In the recesses of the mountain forests, the 
silence is broken by the loud hollow calls of tlie Ringtail and Blue 
Pigeon (Col'ainba Caribbea and rv,Jina), and by the mournful ca- 
dences of the lustrous Mountain- Witch (Geotr^ponsyfooiiL-a). The 
woods, that densely clothe the inferior summits, and sheet the sides 
of the sloping hiUs, resound with the enei^etic coo of the Baldpate 

B{Col. levcocipkala), the short I'eiterated moaning of the Partridge 
Dove {QeotrygoT). montana), the querulous call of the Ground Dove, 
^harticepelia -passerina), and the tender, melancholy, sobbing fall 
of the gentle IV/ij'tebelly {Periatera JamoicenaUy 
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But OS it M in the lowland pkios and cultivated estates that * 
most abundantly hear the melody of singing birds, so here do t 
plaintive voicea of tho doves fail moat frequently upon the i 
Whitewiiig (Turtar leucapterux) and the Pea-Dove (Zenaida a 
fM&a) are essentially lowland birds ; and these, with the exceptitt 
of the Whitebeliy, are the most incessant and the most tender of all 
our cooers. Not, liowever, that ve hear their voices immediately 
around the homestead ; when they come into the open pastures to 
feed, they are usually wary and silent; but from the surrounding' 
woods, the tall thick trees of the fens, and eeipecially the impene- 
trable mangrove morasses, their loud, but sweetly gentle, meanings fall 
with mournful, pleasing cadence upon the ear. The Pea-Dove's voice 
is the more tender, and is particularly prominent in the evening, while 
tha blustering sea-breeze gradually lulls itself to repose; the longer, 
sharper, and more impatient call of the Whitewing is most heard_ 
in tho morning, though each season brings the notes of both I 
fi-ora all parts of the woods around. They are respectively ohai 
teristic of the quietude of the late and early hours. 

None but those who bare listened to thpse gentle ^ 
what an effect they produce upon the mind. Their tender melan- 
eholy communicates itself to the hearer ; and though reason tells 
him that they are the expressions of buoyant joy and health, he can 
scarcely fail to feel a pang of sympathy for what seems to be tbtj 
complaint of gentleness in distress. 

Kor is it ti'ue that our groves and fields are destitute of fragrance 
In spring the oranges and limes that are planted in such profus' 
upon every estate, both in mountain and in plain, and even border 
the public roods, are covered with their abundant blossom, and the 
air all around is loaded with the richest perfume. So it is iu the 
upland districts, when the coffee ptantotions are in bloom ; ths' 
flower of whioh tree is as fragrant as it is delicately beautiful. la. J 
the edges and borders of woods, there is a common shrub called T 
Wild Coffee (Tetramerium odoratissimutn), nearly allied to the cul- 
tivated species botanically, as it is both in btauty and fragrance. 
Buttertlies, moths, bees, and flies, throng around its lovely white 
blossoms, the delicious and powerful odour from which is diffused 
a great distance. 

I have observed that many flowers in Jamaica possess the a 
matte odour so much admired in our pinks and carnations, that o, 
the clove. The beautiful plants called the red and the white Spanish ' 
jasmine (Plumip-ria rubra and P. alba), common shrubs, whoaa 
tiiick stems, leathery leaves, and noble spikes of blossom, form so 
striking objects in the smaller woods, have this odour, I found it 
in the blossom of a species of Pancratium, with small bulbs a 
large oval leaves, growing on the St Elizabeth Mountains; t 
fragranoj, which was vei'j abundant, I should not have been able V 
0111 that of a i:iirna.V.\uii. "^Vto aOT^ec 
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Nightiiuworing Cereus (Cenus i/randiflora) is another notahle es- 
niiiplo of the same prevalent odour. The long, trailing stems of this 
cactus are very commonly so^n in the lowlands, sprawling to a great 
length over the Etone fences, hanging in irregular festoons from the 
forks and limbs of the trees, the gi'cat cotton tree in particular, and 
iutertwining its tough and prickly vines among the Bhrubs, helping 
to give the woods that formidable, rcpellcnl, impenetrable character 
which a tropic " bush" is known to present. The magnificent 
flowers are, however, rarely seen ; the plant seems to bo a shy . 
bloomer, and, when the blossoms do meet the eye, it is in nine oases 
out of ten either as unexpanded buds, or in that miserable drenched 
condition which the flowers of a cactus always assume when fading, 
looking enactly as if they had been di'agged through boiling water. 
In order to see it in perfection one must make it open in the house, 
or visit it at midnight, which is inconvenient. I have eeveral times 
marked a maturing bud, and, when it appeared nearly ready to 
burbt, cut a few inches of the stem on each side and brought it 
witliin doors. Soon after dark it begins to open, and towards mid- 
night expands in its noble beauty; a disc, six inches in diameter, 
fery double, the exterior rows of petals of a yellowish- brown hue, 
■odually paling in tint to the centre, where the petals are of the 
^^ irest white. Meanwhile the delicious clove-like perfume, is dif- 
bsed in such abundance that a delicate perEon can scarcely sit in the 
0Om, and the very house is filled with it from one end to the uthpr. 
'.a the morning beauty and fragrance ai-e both gone, and the 
iIoBSOm, lately so gorgeous, possesses no more of either than may be 
intended to by a boiled cabbage. — (A A'aturalist's Sojourn in 
Jamaica, bt/ P. H. Chsst, p. 170.) 



)» lAe Distribution of Manganese ; on the Existence of Organic 
Matter in Stalacliles forming Cryatalliseit and Amorphous 
Crenate of Lime. By David A. WelLS, Cambridge, 
Mass.* 

1. On the Digtribvtion of Manganese. 
The occurrence of pebbles and water-worn stones in many of tlio 
streams and water-courses of N^ew England, which have their origin 
imong, and run over, igneous and metamorphic rocks, is by no 
nmns uncommon, and has doubtless attracted the attention of eveiy 
"baerver. When the bed of a stream in which they occur is eic- 
mined, the coloured pebbles and stones will be found at intervals, 
generally after or below a fall or rapid, and not immediately abuve. 
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This colouring matter, which is wholly auperRcial, and of <liffi 
degreefi of histre, is due to an incrustation of the black oxide of 
manganeso. and occurs independontl; on almost every variety of 

III Jameson's Edinburgh New Philosophical Journal, for July 
1R51, Tit John Davy calls attention to somewhat similar incrusta- 
tions in England, of which he says as follows : " Though always 
superficial, in one spot the incnistation is so thick as to be available 
for use ; and in this instance the black oside of manganese acts ae a 
cement, forming a bed of conglomerate, several feet thick. Whence 
this incrustation Is derived, or how produced, is not obvions. Re- 
sti'icting the view to the spots where it occurs, it might be supposed 
to bo a deposit from running water. But when it is seen that t' 
colouring matter is not to be detected on rocks in mtu, the fixt 
rocks in the course of the stream, the idea ceases to be tenable, a 
tite inference seems to be unavoidable, that the sand, pebbles, : 
stones, so coloured, have been incrusted with the oxide before t 
had been carried down to the Kpot where they are found loose, (rffl 
when in the form of conglomerate, that the cementing oz.ide has been * 
brought by water exuding from sonio rock or stratum containing 
manganese in a minor degree of osidatioa, and acquiring the higher 
degree by the absorption of oxygen, and at tiie same time the ce- 
menting quality." I)r Davy also inferii that manganese exists in t' 
vicinity of these incrustations in large quantities, and advises specw! 
inquiry in search of it. 

Before the publication of the article referred to by Dr Davy, I 
subject of these incrustations had attracted the attention of Dr i 
Hayes of Boston and myself, and we believe the following to be S 
full and satisfactory account of the origin of this p' 

The manganese exists in almost all the igneous and metamorphic 
rocks of New England, and I may say in other parts of the world, 
generally as a double carbonate of lime and manganese. When tlie 
waters of tfie springs, brooks, and rivers, flowing over these rooks, 
become changed with soluble organic matter, in tlie state of creoiC;^ 
apocrenic, or humic acids, drained into them in consequence of n ' ' 
or inundations, from swamps and peat meadows, the carbonateai 
lime and manganese enter into solution. At such times manganese 
may generally be detected in these waters, as has been done by Drs 
C. T. Jackson, A, A. Hayes, and others. When the water holding 
the manganese in solution becomes broken and throirn up in the pas- 
sage of falls or rapids, consequently exposing it to the influence of th^J 
atmosphere, the manganese passes from a low state of oxidatio 
the insoluble peroxide, and is deposited for a considerable extent upOn^ 
the rocks and pebbles below. It will thus be found upon examina- 
tion, that at intervals in the bed of the stream, the stones are com- 
pletely blackened or discoloured, while in the other places no such 
depositions exist. Beaul\fu\ ex.a,mf\ea o^ tVva ^Vfturever^o may be 
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euen at some points uii the Meriniac Rivei', and indeed in aliiioGt 
every riTulet in New England. 

I have also noticed Eimilar depositiunE between the divisional 
Ettsta planes of Buodatones in tlie valley of the Connecticut, thus 
shewing, that apparently the eame agenuies were tit work during the 
deposition of these rocks as at the present day. 

2. On the eaiistenee of Offfania Matter in Stalact'iiea and Stalag- 
mitee, forming Crystallised and Amorj/hous CrewUe of Lime. 

In the eighth chapter of Liebig'a Agricultural Chemistry, edited 
by Playfair, there is given the result of Bonie eianiiuatious of stalac- 
tites, from caverns in Germany, and from the vaults of old castles 
upon the Rhine, made with the view of ascertaining the fact of the 
presence or ahsence of organic matter in these hodios, either com- 
bined or uncombined. 

The result may be stated in the words of the author, Professor 
Liebig. The stalactites from the caverns " contain no trace of 
vegetable matter, and no humic acid, and may be heated to redness 
without becoming black. In the stalactites from the vaults and 
cellars of old castles,'^ he says, " we could not detect the smallest 
traces of humic acid.'' There could scarcely be found a more clear 
and convincing proof of the absence of the humic acid of chemists, 
in common vegetable mould." Under the term humic acid. Pro- 
fessor Liebig undoubtedly means to include all those organic acids 
arising from the decomposition of vegetable matter, and which have 
received the names of crenic, apocrenic, geic, and humic acids. 

Having been informed by Dr A. A. Hayes of Boston, that he had, 
in numerous examinations, arrived at results directly opposed to those 
uf Professor Liebig, I was induced, at his suggestion, to make an 
examination of a large nuniber of stalactites and stalagmites, obtained 
from "various localities, with reference solely to the presence or ab- 
sence of organic matter in these bodies. 

The specimens examined were all from caverns or rock formations, 
Wid were obtained from various parts of the United States, from 
Trieste in Auitria, Malta, and the Sandwich Islands. In coloui', 
they varied from an almost pure white, to red, yellow, and brown, 
of different shades ; and in crystalline character, from a structure 
resembling Arragonitfi, to a variety entirely wanting in symmetrical 
arrangement, or a mere incrustation. The specimens were dissolved 
in diluted hydrochloric acid, the flocoulent matter separated, collected 
and washed, boiled in caustic potassa, carbonate of ammonia, or cai*- 
bonate of soda, and then tested in the usual way for crenic and apo- 
crenic acids, by acetateof copper and carbonate of ammonia. In all the 
Tarieties, with one exception, abundant flocculent organic matter wits 
.eaparated, which, on testing, gave evidence of crenic acid in coneidei- 
.able quantities, with doubtful traces uV a^ocienw awi. 't\\e e^M^i^- 

VOb. Lll. NO. CIV. — AFRIL 1H5'2. '& 
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tiua alluded Ui was tLa specimeD examined from Trieste, wliicli d 
not afford any appi-eciable flocculent nmTtei*, on dissoWing in acid, 
Tlie greatest quantity of organic matter was found in etalactttes of & 
deep yellow colour, Lighly crystalling and uniform in character, and 
ill the portions examined perfectly homi^iieoug, and free from layers 
01- intervening bands, indicating differont periods and changes io de- 
position. Aa the presence of iron could not be found in the acid 
solution, it is inferred that the coloui' of these yellow stalactites muKt 
be owing, in grtat part, to combined organic matter, existing as 
crenate of time. In specimens, like the spar ornaments from the 
Rock of Gibraltar, with which all are familiar, the colouring and 
delicate shading is also probably due to organic matter. 

Dr Hayes informs nie that ho baa also found organic matter in 
Arragonite, in sufficient quantity to separate in flakes, while the spe- 
cimen was dissolving in acid. 

Fi-oui these statements it must, I think, be ini'ori-ed, contrary to 
the view of Liebig, that organic matter does esist in stalactites gene- 
rally, as an acid combined with the lime, and imparting to them their 
various colours, I would by no means call in question the accuracy 
of the experiments of Professor Liebig, further than that, as far u 
my observations extend, crenio acid in the presence of lime, and 1 
combined with it, passes over like onalatee, upon heating, into oar-'-*! 
bonates, without perceptible blackening. 

It may be here added, that Professor Johnston of England d 
snribes a compound of alumina with crenic acid, occurring in caves o! 
granite upon the coast of Cornwall. This mineral has received thw 
name of Pigotite, and is observed in places where the surface-water 
trickles down over the granite rocks. From this it may not be in- 
appropriate to apply the terra crenite to those lime formations ia 
which crenic acid occurs in considerable quantities. 

Results similar to those announced above, have been obtained bji 
Dr C. T. Jackeon, as well as by Dr Hayes of Boston, Dr J. Law3 
renco Smith informs me, that he has freqnently met with crenic aci<& 
in lime concretions from Asia Minor, and its existence in stalactite^ 
was also announced by Dr Emmons of Albany, some years huoaJ 
My results can therefore be considei-ed but as the verification of tl 
obtained by others. 



Obituarieg of Oersted, Morton, and Do Sati^ny. 
I. Hans Christian Oersted. 

Tho name of Hans Christian Oersted, the dis 

Jjifebvo -magnetism, has been added to the long list of thoac 

(y^^o». -continental science \vaft Tecei\t\;j \ieeu na-Wed. \3l^u fe 
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inuuru. It liaa been truly said uf him, that the position whiih 
he occupied in Denmark was very similar to that of Hum- 
boldt in Gennany. He was the philoaophei", man of science, 
the scholar, — the kind friend of youth the judicious counsellor 
of age,— flne whom monarch and citizen alike delighted to 
honour. Oersted was horn August 14, 1777, in Rudkjbbiog, 
a small town on the Danish island of Langeland. The poverty 
of his parents aud the isolation of their little village were 
alike unfavourable to the attainment of a thorough education. 
But Oersted, like many of hia predecessors in the same path, 
learned for himself the elements of knowledge, and especially 
arithmetic, from old school-books which fell in liis way, 
'and taught his brothei' Anders, who was a year younger, all 
that he had thus acquired for himself. And like the brothers 
Humboldt, the brothers Oersted seemed in after life almost 
to divide between themselves the realm of human knowledge. 
While in each case, one brother followed the paths of actual 
science, and adorned the university and the academy, — the 
other rose to equal eminence in tlie other division of human 
knowledge, and finally became minister of state. 

Oersted came to Copenhagen in liis 18th year, and devoted 
himself to his studies with intense zeal. His follow -student, 
Oehlensehlager, afterwards the celebrated poet, was at this 
iime almost the only person who shared hia friendship with 
his brother, and the intimate friendship thus begun continued 
nndimiuished and uninterrupted till dissolved by death. 

In 1799, Oersted published his inaugural dissertation on the 
" Architecture of Natural Metaphysics," {Architectonik der 
Naturmetaphy»ik), This treatise shews that, even at that 
period, his mind was deeply Imbued with tastes and sentiments 
similar to those which characterise the last writings of his life. 
At this time he proposed his new theory of the alkalies, a 
theory which was afterwards universally adopted. In 1800, 
he was appointed adjunct in the medical faculty of the Uni- 
versity, and began to lecture on chemistry and the philosopliy 
of nature. 

This was the year in which Volta discovered the battery 
which bears his name ; setting this discovery, as Moller has 
admirably said, like a milcbtouc at t\ie c\osft oS oxie ^«w'wk"j 



a76 



Or R. a. Morton. 



and the beginning of tlie next. All Oersted's energies v 
immediately enlisted for the new field of research thus openedd 
and he immediately detected the true law of the decomposf 
tion of salts. From this time forward he dedicated himse^ 
solely to the career of an investigator, and in the pursuit o 
his studies visited almost all parts of northern Europe, 

His subsequent life is well known to the scientific worlill 
In the year 1820 he discovered the magnetic influence ( 
electricity, thus founding the science of electro-magnetiBmrf 
and in fact first opening that new course of research into tlM 
rantual relations of the several energies of nature, which i 
still pursued with such brilliant success, yearly leading t 
more and more astonishing results. Without the discoveried 
of Oersted, where would have been those of Ampere, Aragoj 
Faraday, Seebeck, and Mellonil In 1814 he established il 
magnetic observatory at Copenhagen, but has since that time" 
devoted himself to those sciences which spring from the 
mutual relation of the material and sjiiritual worlds. Hia 
books on "The Spirit in Nature," "Natural Science andg 
Spiritual Culture," "Natural Science in its relation taPoetr 
and Religion," — must be and continue classic works, what- 
ever maybeindividual views of the correctness of their philo- 
sophy. The Bishop of Seeland has very recently puhlishecli 
a severe attack upon Oersted's views, occasioned by thej 
publication of his " Geist in der Natur." But although Den-j 
mark has been one of the last continental nations to learn bow 
little our knowledge of the truth is advanced or facilitated,! 
by contests between theologians and men of science, the re-j 
eeption of Bishop Mynster's book shews that the great fact 
— ^that the true intei-pretation of revelations through moral 
and through physical media, must necessarily coincide, — fl 
is now at last appreciated in Denmark also. — (Frofeasor Sil-} 
liman.) 
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Sh sadness we record the death of an eminent man fromf 

Tiks of American science. Dr Samuel George Mortonl 

^P*-"'adeliihia. He died on the 15th of May lust, in hift) 
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fifty-tliinl year. The following piiragraphH from obituary 
noticeB publislied upon his decease, but imperfectly express 
our own high estimate of his learning and his many personal 
excellencies. 

Dr Morton was a native of Philadelphia, born in connec- 
tion, we believe, with the Society of Friends, which has* 
given to it so many citizens distinguished in the walks of 
Bcnence. Adopting the medical profession, which he studied 
nnder the auspices of the late Dr Isaac Parish, he received 
the honours of the doctorate from the University of Pennsyl- 
vania, but afterwards proceeded to Edinburgh, where he 
graduated again with distinction, highly esteemed Cor his 
literary abilities, as well as his professional proficiency. 
Young, ardent, with the enthusiasm of a poetical tempera- 
Tnent — -for poetry was his first ambition — but a manly sense 
and purpose that enabled him to postpone the imaginative to 
the solid and useful, he made the tour of Europe, shook hands 
with warm friends and relatives in Ireland, the land of bis 
ancestors, where strong inducements were offered to retain 
him, and retunied to his native country, and to his native city, 
here to commence a career which, even at that early moment, 
he had marked out, and to build up for himself a name not 
likely soon to be forgotten. It ia scarce necessary for us to 
refer to the success of bis professional, or merely medical 
career. That was always great. For years, no physician in 
Philadelphia could boast a larger, few an equal, practice. 
His claims to distinction, in this capacity, were proved by 
his well-known work on Consumption, and other valuable 
publications, as well as by his lectures at the Philadelphia 
Hospital, Pennsylvania College, and other medical institu- 
tions with which he was at dififerent times connected. 

One would suppose that, with the burden of his heavy 
practice, and all the addition of these laborious collaterals 
pressing upon him, he could find but little leisure for other 
pursuits, and indulge but small hope of acquiring fame in a 
different path. His history is an example of what men can 
do, even under adverse circumstances, who are patient, whi) 
are resolute, who are industrious, who are wise, who are 
true to UiemMctves, and sufficient to themselves. Ever cahn. 
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but ever active, always prepared for the exigenciea of hi 
basinesa duties, and ever ready to devote to profitable use 
tbe scanty intervals of leisure which those duties allowed 
him, he found time in continual participation in scientific 
uftau'B, and in the proceedings of the Academy of Natural 
Sciences, of which he was for thirty years a member, and 
for many yeara its Vice-President and President ; and, what 
is more, with the additional incumbrance of this general 
scientific participation, he found time also to produce thi 
great works, the Crania Americana and Crania ^gyptiaa 
which immediately placed him in the front rank of arch: 
legists and ethnographers throughout the world. The ap^] 
pearanee of the first-namecl of these volumes establiahi 
an era ; it opened a new department of research ; it createflj 
a new science—one that has done more fisr the true expo*] 
sition of human history, tbe interpretation of the mysteries 
of race diiferences and race affinities — far more than any- 
thing ever previously effected by the pen of tbe annali! 
or the wand of science. Few scientific works ever pro- 
duced a stronger or more durable impression on the philo- 
sophic mind, or have had a more powerful effect in dii-ect- 
ing the course of future investigations. 

But we have no space to write the history or attempt than 
eulogium of Ih" Morton. That task will fait to more compecj 
tent hands ; though it could be undertaken by none who 
knew him better or prized him more. It will be all the more 
justly executed where there is a leas lively sensibility or less 
oppressive appreciation of his loss. Let us say of hinij onl/i 
that he was a good as well as great man ; estimable in 
his relations ; respectable in all he thought and did ; a mai 
of pure heart and blameless life ; a faithful physician ; a kini 
Friend ; a loving husband and father ; a gentle companion 
an exemplary citizen. 

It is only at the hour of his death that many who knew 
Dr Morton well, will be conscious that a gi'eat man has been 
taken away, and a light quenched which has long shed % 
common lustre upon the country and the world. — ( TIte North 
Affieriea?), I'Ailai/clp/iia.) 
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The Pans Academy of Sciences has lately loat one of its 
members, M. De Savigny. We extract the following from a 
liscouTBe pronounced at his funeral on the 14th of Oetobei", 
by M. Isidore Geoffrey Saint Hilaire : — 

The illustrious member, to whom we have just rendered 
the last solemn duties, has long been missed from our meet- 
Of those who surround his mortal remains, very few 
have bad the happiuess of personally knowing him ; and I am 
almost the only one to whom, during more than a quarter of 
intury, the melancholy privilege has been granted of wit- 
the aggravated suiferlngs of his long-protracted dis- 
order. 

Marie- Jules-Cesar Lelovgue de Savigny, was born on the 
ITth of April 1777 at Provins. He who was to be the sub- 
ject of so many trials, was born under the most favourable 
auspices. His father was the son and the grandson of honour- 
able magistrates ; bis mother, who btilonged to a rich and 
noble family of la Franche Comt^, had illustrious and pow- 
erful connections ; and Savigny, whom nature as well as for- 
tune bod favoured, seemed to have in all respects the pro- 
spect of a happy and brilliant future. It was intended that 
be should enter into the Church ; and from bis childhood the 
convent of Gcnov^fains became to him as a second home. He 
Uiere spent a large proportion of his time, receiving from the 
most learned man then in Provitis, Father Damoutier, in- 
Btruction in History, Latin, Greek, and Hebrew, all of which 
were greedily received by the precocious intelligence of the 
youtb. The Father Damoutier thought be saw in his pupil 
a future member of the French episcopate. These hopes and 
projects were vain ! The revolution broke out, and very soon 
Savigny at once lost all that he possessed. The career he 
had proposed to himself was definitely closed ; and his mother, 
who had now become a widow, could with difficulty save a 
paltiy wreck of the family fortune. The old student of the 
G^nov^fains now became the pupil of an apothecary in Pi'o- 
vina. Under the guidance of his new master, Savi^v vaade 
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rapid progress in the study of natural history and of uli 
mistry. A competition — concours — amoogxt the pupiU of 
I'Ecole de Sante occurring at this time in tlie departmente, 
Savigny, still young, presented himself, was one of the sac- 
cessful candidates, and came to Paris. 

He was row, for the first time, separated from hia motlipj 
and in what circumstances were they next to meet! I di 
not expreBB all the fearful sufferings which, to my knowledge^ 
they both experienced. Savigny at Paris, and his mother 
Provins, felt all the horrors of the most extreme 
they often suffered from cold, and more than once from want 
of food. And this without the consolation of corresponding, 
as they so earnestly desired to do, It was too mnch for a 
mother. Madame de Savigny was very soon conscious that 
her death was approaching. And how could she die without 
again seeing her son \ She proceeded to Paris to the humble 
chamber of the student, the only asylum which it was in bis 
power to offer her ; and what an asylum ! Who can tell the 
scenes of despair it witnessed 1 I shall give but one hint 
regarding this gloomy picture. One night, through the opes 
roof, the snow fell upon the bed of the dying woman. 

Savigny had not attained the age of twenty at the time of 
his mother's death ; and even in his extreme old age, the 
recollection of these distressing times remained the most 
poignant in the midst of all his sufferings. It was always 
the moat painful wound of tliat mind which was as tender 
as it was firm and energetic. 

It was at this time that Savigny abandoned the study of 
medicine, in order to devote himself entirely to the natural 
sciences. Lamarck was his instructor. Under the auspices 
of this great master, Savigny, like Lamai'ck himself, became 
first a botanist; and when, somewhat later, Cuvier and M, 
Dnmeril procured his appointment as Professor of the Cen- 
tral School of the Seine^Inferieure, it was Vegetable Science 
which was assigned to him. 

When setting out for Bouen, it was proposed to hii 
to accompany General Bonaparte to the East. The onl; 
situation still vacant was that of a zoologist. " Accept it,' 
said Cdvier (we qnot«? his oyji^ ■woTdi) ■, " ^ou wUl he a zooh 
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gist whenever you please." He accepted it. was aBsociateil 
with iny father m the investigation of the invei'tebral aiit- 
mala, and set out with his friend for Egypt. The savants of 
Europe tnovr how thoroughly he has justified the anticipa- 
tions of Cuvier, 

What Savigny did for science in Egypt and Syria, and 
vhat he has done since his return to France, we cannot 
here insist upon. Time would fail, and still more the equa- 
nimity which is required for giving an account of such la- 
/bonra. 

We may, however, be permitted to signalize them in a 
twofold aspect. It is the rai-e glory of Savigny to have 
anited, in a very great degree, the merits of the accurate, 
ingenious, and sagacious observer, to those of a generalizer 
who can be bold without ceasing to be exact. As a gene- 
ralizer, who does not admire him demonstrating, in 1814, by 
the most delicate analysis, the analogous composition of the 
mouths of all the insect tribes, and thus creating in philoso- 
phical anatomy the first work, and certainly one of the 
tnost beautiful, which had been written beyond the families 
of the vertebrata ! As an observer, in how many directions 
bas he been the first to advance, and bo far in this first 
effort, that subsequently it was difficult to make further 
iprogresa ! 

Olivier, in speaking of his researches concerning the Tu- 
nicata, does not say that he discovers, but that he reveals; for 
it ia almost an unknown world into which he has introduced 
us: and of how many of his other labours might we speak 
in even more flattering terms. Savigny, along with Cuvier, 
undoubtedly is the principal originator of the movement 
which ever since moi*e and more conducts zoologists to the 
study of the inferior animals, so long neglected, and yet 
now BO fruitful. 

All these admirable works, as well as many others, had 
occupied some years. What, then, might we not have expect- 
ed from Savigny ? He was, when admitted into the Academy 
1 1821, between a glorious past, and perhaps a still more 
glorious future. He was in the fidl vigour of life and of ta- 
lent; he had immense works in pTepOTCiVwT^. a.w\ o*Cfte\*> viv- 
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ready finished. But, alas ! none of them were destined to be 
published, at least during bis lifetime. 

After several yeare of microBcopic observation, he had been 
in 1817 for the first time attacked with Tic Dohureux, a 
nervous disorder of the senses, and especially of that of sight. 
When scarcely recovered, Savigny ogajn betook himself to 
the researches from which he had lately suffered so much ; and 
a second and more serioiia attack assailed him in 1824. This 
time his sufFeriags were to terminate only with his life. Sa- 
vigny had foreseen this. Scarcely had the fatal symptoms 
reappeared, when he said, " I shall not recover : one cannot 
return twice from the grave." But who could have foreseen 
that his agony would be prolonged for twenty-seven years,— 
a terrible destiny, imprisoned in darkness. 

Nor was this all ; — when the darkness became less jhw 
found, when a gleam of light menaced the eyelids of thA 
maHyr of science, a shade, and two black veils, became ne- 
cessary to protect him. And during these twenty-seven years. 
not a single day passed without suffering! Happily every 
day brought its own consolation ! What would have be- 
come of our unfortunate brother, without one of these extra- 
ordinary instances of devotedneas which God has implanted 
in the heart of Woman . In the dark retreat, near VeraailleB, 
where Savigny suffered for twenty-seven years, a female 
friend had imprisoned herself with him ; and till the day of 
bis deliverance she did not leave him, but was a voluntary 
captive for twenty-seven years, in solitude and darkness. We 
mention such acts, we do not pi-aise them,— they are aboi 
all praise. And there are still other consolations which navt 
fail to the most unfortunate, — those of hope. During tl 
hours when bis sufferings, though never interrupted, wel 
leas severe, and even in his last moments, Savigny looki 
back on his unpublished works, which had cost him bo d( 
and which he preserved without seeing, but without for-' 
getting any part of them ;— the hope that they would one day 
be restored to science, and that they would be published as 
a complementary volume to the great work on Egypt, 
been hja dying consolation. 
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iote on t/ie Influence afa Tropical Climate on the Wool of the 
Sheep. By John Davy, M.D., F.R.S.*Lond. & Edin,, &c. 
Communicated by the Author. 

The aheep of Barbados, originally from an EngliBh stock, 
afFords a striking example of the chauge that may be effected 
by climate, in a few generations, in the cliaracter of the hair 
of an animal. In that island instances are frequently to be 
Been of sheep, in which hair has bo taken the place of wool 
(using 'the terms in their usual acceptation), that were it not 
for the form of the animals, — and that is not altogether free 
from change, — it would be impossible to suppose that they 
belonged to the same species as our English sheep. 

Considering the subject of such a change not undeserving 
of attention, I have examined two specimens of hair pro- 

lured for the pui-pose, one from a sheep two years old, the 
other from one about a year old, which were obligingly sent 
ine, at my request, by a friend, a resident. 

Both were nearly of the same colour, a light reddish- 
brown, and were nearly of the same length, .that ia, the 
individual hairs, — varying from about an inch to an inch- 
aud-a-half. The hair of the three-yftar old was coarser than 
Uiat of the one-year old ; it consisted chiefly of harsh tibrea 
slightly tortuous, each about ISOtli of an inch in diameter, — 
some cylindrical, others more or less flattened, all tapering 
^wards a point at their distal extremity. The hair of the 

me-year old consisted of coarse and fine fibres in about equal 
{lortions ; the one about 363d of an inch in diametei-, the 

»th€r about 1333d of an inch; the former resembling the 

lair of the older sheep, the latter having the appearance of 
vool, and that both in its fineness and general aspect, whether 

Eeen with the naked eye or under the microscope. The pi-e- 
ence of a portion of wool mixed with the hair of the younger 
iheep, accords, I may remark, with the belief of my friend 
^ whom the samples had been sent, viz., " that all tlie very 
young lambs of the island have wool, which gradually passes 
into hair as they grow older." Thia, he writes, he tlilnke is 
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tiie fact, though be cannot say positively that it is ao, n 
having attended sufficiently to the subject. 

Intereatiog in itaelt', as exemplifying bow Natm 
animal, the native of a cool cHtiiate, by a change in its clotq 
ing, to endure without discomfort the beats of a tropical i 
gion, it is not, as it appears to me, witbont value in its anui 
logical applications. 

Though so much changed in appearance as is the wool in 
passing into hair, the one differs as little from the other in 
intimate structure as the hair of the woolly-headed Afri- 
can does from the straight, lank hah- of the North Ameri- 
can Indian, or as this does from the hair of the European. 
Examined under a high magnifying power, and with care, 
the diffei-ences in the qualities of all these kinds of hair, 
whether of the sheep or of man — colour apai-t — appear to be 
merely in degree. The wool of the sheep and its hair are 
both solid, — both exhibit the same ti-ansverse markings, the 
one strongly, the other feebly ; and so of their other properties- 
The same may be said of the hair of the sevci-al varieties of 
the human race. And, keeping to the analogy, with which 
all experience is in accoi*dance, we may confidently conclude, 
that provident Nature has not been less careful of man than 
of the brute, and that what is peculiar in the hair of each 
variety of the human race, as in the colour of the akin of 
each, is to be viewed rather as an excellence, connected w 
climate, and the effect of the adapting power of climate, i 
in any instance as a deformity or an unseemly defect. 

LkSKETH How, Ambleside, 
6th ^arch 1853. 
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Upon Iodine in Ihe Air, the Water, the Soil, and the A^ 
mentary Products of Ike Alps of France and of Pietftn 

By M. Ad. CHATiif. 

A. Arable soils do not furnish to water the same quantitl 
of iodurets ; and the variations that they exhibit, in this r 
Bpect, generally con-espond to those observed in the air a 
in soft waters. Wo may form an idea of these variations, 1 
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considering that whilst une or two grammes of soil, takc-n 
from the hills and terraces in the neighbourhood of Paris, 
or from the fields of Brie, of Beauce, of Eourbonnais, or of 
Bourgogne, suffice incontrovertibly to prove the presence of 
iodine, we must, generally, m order to obtain a coiTespond- 
ing reaolt,*operate upon double the weight of the soil of La 
Bresse or of the plain of Turin, and upon ten times the weight 
of the arable soil of Tarentaiae, of Maurienne, and of the 
Valley of Aoste. It is a circumstance worthy of remark, that 
in the same district, reddish or ferruginous and clayey soils 
are more impregnated with iodine than white or bituminous 
and quartzose schist soils. I shall mention, as an example, 
the Valley of Graisivaudan, of which the yellow and rather 
stiff soil of the right bank resemble those of Bresse and the 
neighbourhood of Alexandria, while the black and light soil 
of the left bank are similar to those of the high valleys of 
laere and of Arc. 

The temperature of the water has a very great influence 
over its dissolving power of the compounds of iodine con- 
tained in the soil. Thus the schistous soil of the Alps, which 
does not yield an appreciable quantity of the iodurets to water 
of a temperature lower than +10 degrees centigrade, sup- 
plies a very sensible proportion at from + 20 to 60 degrees 
centigrade. At 100 degrees centigrade, one pint (litre) of 
water can often extract from 10 grammes of this earth enough 
of iodine to bring it to the state of good drinkable water. 
The scarcity of the iodurets in the waters of the Alps, then, 
is explained, not solely by the state of the atmosphere, but 
also by the low temperature of the streams. It is highly 
probable that, previous to the greater part of the iodine which 
the pluvial waters yielded, the soil of the Alps had long fur- 
nished it ; and possibly it may be the truth that the goitre 
and cretinism have only become endemic in those countries 
since this principle has become exhausted. 

The presence of a certain proportion of carbonate of potash 
or of soda in water destined to extract the iodine from the 
Boil renders them more soluble : this addition is also abso- 
lutely necessary for fixing iodine, when we operate at a high 



temperature. The actiuii of alkalies particultirly explain! 
why all al/caline mineral maters are ioduraled. 

It is superfluoua to remark that subjacent rocks, or 
as m*e mixed with the arable soil in the midst of *bich theS 
decern position is going on, necessarily add more or le« 
iodine in proportion to the quantity of it they themaelvei 
contain. Thus the millstone rock, in which iodina aboundi; 
— the coarse limestone, where it is in a smaller proportioi 
the plastic clay, where it is accumulated, — the middle and 
upper oolites, which often contain considerable quantities,— 
talc rocks, and clay-slates, where it is rare, — the limestons 
and saccharoidal dolomites, in which it does not exlst,- 
dently cannot yield an equal quantity to the soil. 

In recapitulation, three circumstances, namely, its own na 
ture, the subjacent rocks, and the quality and quantity of ti 
rain-water, inSuence the richness of arable soil in iodurets. 

Alimentary matters are differently iodurated, according ti 
the soil which produces them. I have found less iodine ^ 
the maize of Aosta and Aiguebelle than in that of the plaq 
of Alexandria ; in the wines of Saint- Jul ien'en'MaurieDn4^ 
and of Moutiers, than in those of Montmelian and of Astll 
and especially in the wines of Burgundy, Orleans, and JBoui 
deaux ; in the forage of the valleys of Arc, of leere and C 
Doire-Baltee, than in those of the valleys of the Seine an 
the Loire ; in the milk and cheese of Mont-Cenis, and of th| 
farm of Cassines-Saint-Martin (near Aostc), than in the Si 
products bought in the Paris market ; in the com of the rigl^fi 
bank of the Valley of Graiaivaudan, than in those of the oppe 
site bank. 

We now clearly perceive, why the atmosphere of the valley 
of the Alps, which is little influenced by the general current 
of the air, have not, moreover, an appreciable and peolj 
liar ioduration. It is because the soil, yielding only verj 
minute traces of iodurets in the waters which wash it, wMcK 
waters, having fallen from an atmosphere nearly deprived ( 
iodine, have in their turn almost none to bestow upon the soil. 

B. There is a general eoinddence between the amoa. 
of iodine in the air, the wa,tet&, Vhe a«A. o-e «X\Tai;T\\as^ ^^ 
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duels, ami the complete absence of the goitre, and of cre- 
tinism, — between its progi'fissive diminution and the cor- 
responding development of these maladies, This coincidence 
results, not only from all the facts we Lave observed in tlie 
Alps, but also by separate observations made in the Pyrenees, 
the Soissonnais, the Brie, the Nievre, tlie Meurtbe, the Jura, 
the Vosgea, upon the banks of the Khine, aud in Switzerland : 
it is confii'med by speuiHc facts, especially by those which M. 
BoussingauU has collected in the Cordilieres of New Gra- 
nada.* 

The causes of goitre and of cretinism, are of two kinds : — 
\al, A special cause, which is the insu^cienct/ of the quantitif 
of iodine introduced into the animal economy ; 2d, The general, 
or accessory causes, amongst which may be reckoned, damp 
and confined air, low, close, confined, and badly-situated dwell- 
inffg, the want of Ughl, the n-iitds, in as much as they are damp, 
and do not contain iodine, Me steepness of the mountains, as- 
sociated with the preceding circumstances, as nourishment 
deficient in reparatory principles, fillhi/ clothing, interfering 
with the functions of the skin, tvaier deprived of oxygen, but 
only as altered in its tonic qualities. I admit also the influ- 
ence of age, that of the sexes, and of the temperament, proved 
by the relative frequency in the occurrence of goitre amongst 
fair women, that of its being hereditary, that of occupations 
aJid habits, which appears to result especially from the liabi- 
lity of persons who can-y burdens on their head, to contract 
goitre. 

In general, certain mechanical influences, and especially all 
debilitating causes, dispose to the formation of goitre, to 
which tonic agents, such as dry air, n-uie, iron, &c., give on 
the contrary the power of resistance to a certain extent ; 
hence we are led to define goitre, — A specific form of lymph- 
atic disorder, delentdned by a special cause, the want of 
iodine. 



* Professor Csola, who is the first who has dEVoted himself to the geaer&l 
research rogarding iodina, has corruct ideas of the influence which this auh- 
ifbenlth. 
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Thua, then, we may class the relations which t;xis6 betw«a( 
iodme, goitre, and cretinism, as follows : — 

First zoite, normal, that of Paria. — Croitre and cretinism a 
anknown. We find tliat, in thie zone, on i 
volume of air respired by man in twenty-four hotu-s is from 
(7000 to 8000 pints, litres, according to M- Dumas): the 
quantity of water drunk, and of food cousuuied, during the 
same time, each inclnde from yjg to , j^ of a milligi 
of iodine. 

Second tone, that of Soissonnais. — Goitre is more ( 
rare, cretinism is unknown. It differs from the first zone 
only in the waters being hard, and being deprived of iodine. 

Third zone, tliat of Lyons and Turin. — Goitre is more or 
less frequent, cretinism is almost unknown. The proportion 
of iodine has descended from ^i^ to To'a;, of a milligramme. 

Fourth zone, that of the Alpine vallet/e. — Goitre and crc;^ 
tinism are endemic. The proportion of iodine in the quanti^ 
uf air, water, and food, consumed in a day, is at most joVir ^ 
a milligramme. 

In the intermediate zones the goitre is subordinate to tl 
general inBuences ; in the fourth zone the deficiency of iodiDJ 
pi'eponderates. 

We can do something to procure the iodine in the norm 
proportion : in the second zone by collecting the rain watera 
in the intermediate zones by the same waters, by making 
choice of the springs, and by procuring foud from those coun- 
tries which are rich in iodine ; in the fourth zone by the oae 
of the preceding aliments, and of sulpho-iodine waters, after 
being deprived of sulphur, lavished by nature on the districts 
most afflicted with goitre, as well as by the use of iodurated 
salts, already advised by M. Boussingault and by M. Jules 
Grange. Animal and vegetable productions became iodurated 
by the use of saline waters, for drinking and in irrigatioiiB^ 
as well as by the warm solutions procured by alkaline wate 
from the most ferruginous soils and rocks. 



Ob the Ethnography of Ak/crah and Adampt; Gold Coast, Wegt- 
em Africa. By Wjlliam F. Daniell, M.D., F.IIG.S., 
ABsiatant- Surgeon to the Forces, &c. Communicated by 
the Ethnological Society. 

Among the aboriginal tribes that people the shoreB of Western 
Afiica are several, which, from their geographical position, customs, 
dirersitj of language, and other national peculiarities, merit a more 
KxtenBive rosearch and consideration into their primitive origin than 
Ahers. The veil of obscurity which, however, impends over the re- 
note migrations and the distribution of the African races in general, 
d more impenetrable by the absence of any historic evi- 
r traditional data, constitutes a barrier that ofFeotually pre- 
ludea any minute inquiry into their progressive development and 
lesoent. In none, perhaps, of the scattered tribes, of which we pos- 
> gi'eater or less amount of knowledge connected with their 
more modem history, do these remarks more distinctly refer than 
o tliat community of negroes, which, peopling an eastern portion of 
lie Gold Coast, have hitherto been comprehended under the ordinary 
lesignation of " The Akkrahs." 

Borne discrepancy of opinion formerly prevailed regarding the 
Stent and limits nf the territory to which their title could be 
trictly asserted ; but, deferring all discussion upon this subject, it 
nay be sufficient to state that the maritime belt of land at present 
KCupied by the natives of Akki-ah is of very circumscribed magni- 
ude, since it only extends from the river Sakkoom, eastward to the 
mall town of Tashia, a distance barely equal to fifteen miles. In- 
and its territorial boundaries are restricted within a much narrower 
ompasa. A brief allusion may be made to the various nations to 
Irhose close proximity this limitation can be ascribed, duo allowance 
being granted for the provisional status which the events of a com- 
paratively recent date have conferred upon them. 

From the Sakkoom to the westward its confines are formed by 
he numerous Eante provinces, united to which, on the north, are 
he two tributary kingdoms of Akim and Acquapim, with the more 
itant Ashante towns ; while to the cast and north-east, the Adampe, 
&quajnbu, and Kr€p@ races predominate, incorporated with other 
tindred tribes, which conjoined seaward with the Adampe settla- 
Inents of Frampram, Ningo, and Adda, constitute not only a ter- 
ninal barrier, but the connecting link that allies them to the great 
Popo populations more to leeward. 

The aboriginal term employed to denote this insignificant tract 
if coast is Qkdn or Ghd,, a syllable extremely difficult to pronounce 
&oni its semiguttural intonation. By the Fante and other Inta 
bations, it has been denominated InkratK or Zntara,a. titU tl\^ Io&k 
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)K>SBibly originated from I.lje many termite hills tUat abound ibroiigb- 
out the adjacent districts, aiid wbich in tlieir language sigiiiSes &n 
ant, although it might equally have been applied either in a josC 
appreciation of its industrial resources and numerical inrerioritj, op 
as a derisive expreesion, to ridicule the moderate pretenetDDS of its 
inhabitants. It may be satisfactory to remark that the name it 
now bi'ars, and by which it has hitherto been known to Europeans 
from the earliest periods, has been derived from this soui^e. The 
chief towns arc three in number, viz., N'glisb, Kinka, and Ossu; 
bnt the nomenclature under wbich they are more readily reoognist^ 
is that bestowed by the various European powers to whose authori^ 
they were amenable, and hence the distinctive appellations of £ugU^ 
Duteh, and Danish Akkrah. The lai^ett in size, and the nioet 
ancient in date, is Kinka, or Dutch Al^krah, which, according to 
general tradition, was built long prior to the others, and on thii 
account, therefore, not only asEumes the precedency over the whole 
as the metropolis, l)Ut formerly exerted a certain amount of supre- 
macy over those political or other native disputes which, from this 
exalted position, were oxcluEively referred to their arbitration and 
decision. The British fort situated in the first of these towns, lies 
seven miles to the eastward of the Rio Sakkoom, and has been 
placed by nautical writers in lat. 6° 31' 53' N., and long. 0° 11' 
30" W. 

The country in the immediate neighbourhood of these towns pre- 
Bents a pleasing and diversified aspect. Stretching far and wide » 
succession i>f long and verdant uplands gradually emerge from tbt 
coast, which, as they ascend inland, become broken into a variety «f 
gentle undulations and continuous slopes, adorned by a woodland 
scenery estremely beautiful and picturesque. Advancing stUldespgr 
into the interior, these in turn partake of a more mingled charaeter, 
and are ultimately blended with the elevated mounts and promii 
highlands visible in the distance. In these localities the soil ' 
ceedingly rich and fertile, the native plantations or farms prodi 
almost without the aid of human labour, that abundance of fo 
which so bountifully supplies the necessities of all ranks of life. 

In the lowland regions adjoining tite ocean, the land is partially 
divested of those primeval forests and luxuriant underwood observed 
in other parts of the coast, and somewhat resenibles one of those ir- 
regular prairies of Southern Africa, which, clothed with lank gi'ois 
and a few flowers, are dotted at intervals by isolated thickets and 
occasional clump of trees. 

Any dispassionate observer who has acquired but a superSoial 
stock of information connected with the various intsnd kingdoms 
of this vast continent, cannot fail of discerning the abnormal 
changes and varying mutations which the mora! and phyacal oharnc- 
teristics of their populations constantly undergo. Many which, 
from some peculiar combination of causes, have been more exposed 
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tfaftn others tJ> the aSioting coucoui'se of irars, pestilences, and other 
depopulating calamities, in progress ot' time evince their decadence 
by a. gradual decline or total losg oJ'those inherent principles that ooa- 
Btituted the basis of their power, while others, from the same control- 
. ling elenients, become suddenly prostrated, and reduced almost to the 
verge of extinction. Hetaining to the last their peculiar traces of 
difference, they succumb to the most warlike of their aggressors, 
nntil at length the predominant masses of their opponents so far ab- 
b the scattered fragments, that all vestiges of their previous ez- 
nce disappear. Thus, by such ceaseless and indirect agencies, 
aattons after nations rise, Sourish, and decay, and are eventually 
blotted oat from the page of history. The races, however, inhabiting 
B6a-girt lowlands of Western Africa, have apparently suffered less 
(I these systems of extirpation, when contrasted with others ; for, 
located at a remote distance from the sphere of any internal convul- 
tione, and enjoying but a moderate extent of frontier, with fewer ad- 
verse neighbours, they, of course, are less liable to the incidental 
Operation of these causes. Although unable at Brst to stem the re- 
HBtless inflox of immigration, or the invasion of more potent tribes, 
whtoh might partly subjugate and dispossess them of their territories, 
yet, the occurrence of these events at present, so far as can be ascer- 
tained, have seldom been of that permanent or effoDtire duration as 
to entirely obliterate their nationality. Hence, we shall discover, 
dispersed in various localities, encocnpassed by the barriers of more 
populous kingdoms, the isolated vestiges of races, which, from dim 
and obscure sources, and through a succession of ages, have retained, 
ia almost primitive mtegrity, their taws, usages, and institutions, 
Jtational inferences, confirmed by the results of experience, have 
long since tended to point out the fact, that where die inhabitants 
if any petty country, from their close propinquity to some of the 
e powerful nations surrounding them, have maintained an inti- 
e intercourse for any protracted period, they have become 
e or less tinotured with the prevalent customs and manners 
■f the latter, either in conseq^uence of their supposed utility, or from 
other views equally in unison with their social interests. But that 
^hese disjected communities should in general be enabled to resist 
^ita effeots of such influential impressions, and after the lapse of 
eenturies be capable of conserving, from the innovations of time and 
faoetihty of rivals, those essential peculiarities of structure and deri- 
R'ation, which sever them from otliera in their near vicinage, fur- 
remai-kable subject for reflection, and must always excite 
p interest and sympathy for those mysterious laws of humanity, 
that still exert, in unimpared'energy, a silent, yet vital, authority 
ever the future destiny and distribution of the negro races. 

Making due allowance for the modifications which have necessarily 
occurred from events associated with European domination, and also 
from those that promiuently figure as the sequence of certain oon- 
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trolling elements introduced into their .nor^l and Pf ti?"^' ""^^^ 
within the date of the last three centuries, these prehmmary o-^J 
servations inicrht be rendered applicable to the P«sent status a 
condition of this remnant of a people who now claim our aeep 
merited consideration. 



Previously to the consideration of the moral and pl^y^/*! ?"*J^° ■ , 
of these-Ssaele, and ether historical subjects '"'"^^'^ *''° Hate 
^^^ ■ ,ay perhaps bo deemed more apP'^°P"._ 
. ■' *, .,' » .. . -_ ..f:imH an<Hn-_ 



aboriginal developHieiit, it , _ - ^ i 
■ enter into a In ii rftmWiir'"" -^otail of the 



a customs a 



■hich may be conyemei 



^cleanliness, births ai 
mies, division^ 



stitutions peculiar to thi 

arranged under the succeeding Leads ol 

nomenclature, marriages, deaths and fu) 

time, inheritances, and their laws, currency, architect 

of towns, markets, and harvest, festivals, &c. 

Drese, 8fc. — The dress of the natives does not ma 
from that uniformity of style, which may be said to 
teristic of the cognate tribes of the Gold Coast, unless it i 
thoao anomalous variations, that aro to be observed 
females of certain localities, where they have probably been 
rated from politic or conscientious motives. That of the 
composed of two coverings, the Grst of which is an inner fold of cloth, 
tightly investing the loins and passing from between the nates for- 
ward, to the front of the pnbes, where it is secured, after enclosing 
in a kind of suspensory bag, the oi^ana of generation. The second 
consists of an oxtornal or proper garment, merely comprehending a 
few yards of chintz, tom coffee, or ramal, which, loosely wrapped 
round the middle, conceals the preceding one, its extromil^ies being 
inversely folded within each other, or permitted to dangli 
arms, over which they are thrown on account of the greater fl 
accorded to individuals of an elevated rank. On extraordinary 
casions, and august festivals, silken and other costly fabrics 
their place. 

The costume of the women nearly resembles that of the opposite 
ses, only it ia adjusted with more of elaborate neatness, and in that 
becoming mode which betokens some pretensions to taste. They 
also exhibit several distinctive peculiarities exclusively confined to 
their own and the Fant^ conimunity of nations, and not to be dis- 
covered in the other kingdoms of intertropical Africa. Encircling 
the waist, immediately above the hips, a cincture formed of two 
strings of large cyhndrical beads known by the name of Henna, it 
permanently worn by all classes, commonly in conjunction with 
massive girdle of a smaller variety, partly coloured and of a globu- 
iar 6gare (^Poumpon). Mulatto females, the wives of oaboceera 
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libtlier opulent personages, substitute in lieu of the latter a series of 
Uilver linka or chains, to denote their Itighec degree of gentility. A 
kliird sort of bead not so fi-eqaently seen, but more worthy of atten- 
Ftion from the antiquity of its origin, and the universal repute in 
[which it was held long prior to the adoption of the articles in modern 
hise, b the one termed FufHah. Constructed out of the smooth sur- 
tfaces of bivaWuIar shelb, in a circular form of attenuated dimensions, 
Mnd with flattened sides that admit of their easy perforation tlirough 
ithe centre, for the vegetable fibres on which they are densely strung, 
Bhey furnish an interesting esample of priiuilive art in connection 
with other instances of native ingenuity, that observation has recorded 
Kn these countries. They are now chiefly procured from thoAdampe 
Htnd EreepS traders, who in days antecedent to those of European 
wuperrention, reaped a much more lucrative harvest than they do at 
nrosent. They appear to be identical both in substance and design, 
)With a similar species of ornament in common wear among the 
■BoobiesofFernandoPo, which howeverdiffer from them in their ruder 
, manufaoture and irregular circumference. Notwithstanding their de- 
tpreciation in public esteem, they are still eapressly valued for peculiar 
nbjecta. Women after death, are seldom interred until bedecked vfith 
b lone of these shells, in order to ensure the recognition of their 
Ki^ds and ancestors in the next world, who are supposed not to he 
Hjuatnted with the adjuncts of a later introduction. 
B. A remarkable appendage which usually excites the surprise of 
European on bis first sojourn, is a protruding pad or cushion of 
pressed cloth, placed posteriorly within the curvature of the loins, 
entitled in vulgar parlance a kankie, from its similarity towards 
— . in shape, but better understood by its local designation of 
V*^o. The purport of this strange appliance would seem to he 
vber problematical, from the inference produced by a confliction of 
Titiments on the subject. For some remark that it can only he 
ted in this position with the obvious intent of supporting the off- 
ering carried by the mothers behind, after the pi'evalent habit, 
uile others afhrm that it is more with the view of facilitating a 
nvenient arrangement of tbeir dress. So far as the evidence is at- 
"ible, the popularinterpretationisinfavourof its appropriation to 
significant purposes which render an analogous appendage es- 
" to the contour of the fashionable dames in Eui'ope. Its as- 
in was originally restricted to those who had attained the age 
rty, hut innovations of a licentious growth have greatly inter- 
with this limitation. The custom, however, is more systemati- 
enforoed in Prampram, Ningo, and the circumjacent territory, 
) girls habitually wander forth, ui this scanty garb, the only one 
are licensed to assume, until the expiration of their presccip- 
probation. This garb is simply confined to a narrow strip of 
^1 passed beneath tlie pahes behind, and kept in its situation by 
.above-mentioned cincture, which leases bn\,\i <i^ y\& eivia S\v -^(sq.- 
„'t freedom. To this circumstaince "iR B,U.n\i\A6i \Ve ^Aw^v*^ 
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term of Attiiffoy-yo, by whicl) they are dinting liislied. Presiously to 

tlieir asEumption of a. more matronly attire, they are obliged to sub- 

tnit to certain esporgatory rites instituted by the fotish, and as they 

receive the parting benediction of the priest, listen at the 

to the impressivd admonitionB he ofiers respecting the duties of &,. 

married life, into whose mysteries they are on the threshold of ini 

tiation. 

Like those of the men, the garraerts of the females are divi 
into an intermediato fold, and one or more outer coTerings oi 
same materin.ls but of better texture, which are retained in their 
position by the aid of a silk or cotton handkerchief bound round the 
middle. Both seicB arc extremely partial to the use of the beads, 
and omit no opportunity of displaying them to advantage in the 
decoration of their persons. Every year witnesses fresh acquisi- 
tions to their private stock from the influx of novelties brought by 
the shipping, which alone, as mercantile imports, are eagerly coveted, 
and fetch a steady sale among the multitudinous tribes of the in- 
terior. They are distributed into bracelets and armleta that com- 
pass the wrist and upper arm, into circlets that inclose the ankle 
and leg below the knee, and into neoklaces, in whose varied selection 
are blended all the hues of the rainbow. Another kind of necklace 
equally in vogue, is constructed from some testaceous product in an 
oblong or rhomboidal form, alternating with round black seeds, and 
is particularly patronised by the fetish men and their families, who, 
in theh-R matters, arrogate to themselves the functions of conservators 
for all articles that are of aboriginal foundation. Hence they 
deemed sacred, and bear the name of AJiS or AffiU. 

Upon her marriage, the female, arrayed in the moat attractii 
finery, and adorned with a variety of golden ornaments borrowed 
the occasion, is paraded through various quarters of the town, accom- 
panied by a troop of young friends and relatives, who chant in festive 
chorus the celebi'ation of this auspicious event. On such occurrences, 
it is customary for the husband to be spectaUy provided with gifts of 
connubial import, viz., metallic bracelet, a bunch of keys, and a 
symbolic device, all worked in silver, the last two being suspended 
on the girdle by the side of the bride. This device is denominated 
HennonS, and comprehends on a diminutive scale, the representa- 
tion of divers swords and dirks, with a shield, their usual war equip- 
ment, an elephant's tooth, and an ideal semblance of two cowries, 
one attached to eaoh cud, and the others depending from the central 
portion of a cylindrical bar or rod. It is not easy to ascertain 
whether this emblem was originally intended to convoy a typical 
illustration of war and commerce, and the benefits that would result 
from the combination of both, or as a figurative intimation of the 
good fortune destined for the oflTspring to come forth, whether as 
opulent merchants, capable of disseminating their wares at thrice-told 
prolitB, or as renowned wanwa, «e\\ t^iCiA^i. \» -wwVi tVv<i 4«ord in 
Hefence of their country. 
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Tha dress of the Mulatto commuDitj ia fashioned in aocoi'danct) 
o the European mode, and is mostly made by native tailors, or 
tiitted from Europe at their own request. That of the women, 
a the contrary, partakes more of the country character, and with 
le exception of a cotton chemisette compactly fitted to the body and 
bnited down the front by stellate clasps of gold, there is no percep- 
tible difference from those of the ordinary population, unless, indeed, 
it is in the finer quality and richer assortment of apparel and trin* 
At periods tjiey occasionally conform to the style of the white 
ladies, but this, however, is less frequently than might be expected. 

The manner in which the hair is trimmed, also furnishes another 
Moof of an hereditary conservancy, though shared in common with 
many of the Inta races. It is drawn obliquely upwards into a 
conical mass, by the approximation of its extremities on the summit 
'of the head, where they are tied together and inverted. It is ar- 
mnged with methodical cai'e and nicety, and when shaved or wholly 
out off, is always indicative of afHiotion and misfortune, and thought 
to be one of the most degrading penalties that can befal any deiin- 
•gnent. Its denudation has evidently been viewed in a similar light 
hy the Semitic nations, and has been alluded to in several of the 
3aored Writings.* Generally, however, a silk or cotton kerchief is 
fblded tightly round the head, and completely covers the greater part 
Bf it. 

CSeatdineas, ^e. — In none of tho regions of the coast are the pre- 
Mpts of cleanliness more strenuously advocated than by the popula- 
" 1 of Akkrah. The scarcity of fresh water, however, from the 
^iof duration of the rainy season, and the absence of any conti- 
jnona stream or river, somewhat precludes their more regular observ- 
e on the part of the poorer inhabitants. To obviate, as far as 
mssihle, the inconveniences arising from these drawbacks, large 
ponds were scooped out on the outskirts of the town for the collec- 
tion of the rain, and capacious tanks were built of solid masonry, 
'ftnd arched over under ground, for a similar object, within the pre- 
tincts of the principal mansions, or hewn out of the rocks on which 
llie Buropean factories and forts were erected. By such contri- 
aufficient quantity was obtained to meet their domestic wants 
during the continuance of tha dry months. They who were desti- 
ite of these resources were compelled to bring water either from 
Hintry wells, or fi'om a tributary branch of the Sakkoom, several 
niles distant. Morning and evening the women bathe themselves, 
nther within their houses or in spots set apart for their convonienae ; 
wh'de the men resort towards the close of the day to the afore-men- 
don"d reservoir, or are reduced to tho alternative of washing in sea- 
Iffftter, which, in fact, is the couinion practice among the labourers 
knd slaves. Soiv, a Fante terjn for the dried ligneous fibres of some 
Mot prepared for these ablutions, is constantly used in conjunction 

* i'i,/t Job, i, 20 ; Ilent. ill. \3, fcc. 
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witb English or natire soap, and, bj its banb fncnon, conduces 
greatlj to soft«n aod remove the excrementitioas depositions on the 
skin. The cuUneoas surface is subseqaentlf &nointed with palm 
oD, lard, or shea-butter, brought from the interior, and known by 
its familiar appellation of Uniu or Ashante grease, trituratal with 
the fragrant powder of a bark called Teu/an, and other aromatic 
perfumes, including tho^e purchased from the merchants. Poma~ 
turn, chalk, lime.s, and other aTailable accessories essential to the 
toilet of the native beauty, also lend their aid to increase the lustre 
of her charms, and towards the embellishment of her person, 
whose natural fascinations no efforts are spared to heighten. To 
secure the adulation of her lovers, and the supremacy over other 
rivals, is always the first consideration In African coteries, since 
it not only administers to the gratification of their self-esteem, but 
the amelioration or advancement of their existing condition. 

Birthn. — The birth of any child, whether male or female, is not 
considered an event of such importance as to demand the institution 
of any religious or other rites. The offspring, like the Fante and 
M&ndingo tribes, receives its name on the eighth day, and a family 
uustom is specially ordained for the purpose. On such occasions the 
infant la exhibited to its relatives and other connections which have 
congregated beneath the roof of the parents to offer their congratn- 
latioRS for its safe delivery, and to partake of the welcome hospita- 
lity of the house, which has been duly pi-ovidcd with mm and other 
intoxicating liquore, of which copious draughts are quaffed. On the 
other hand, each guest who attends the meeting usually contributes 
a few cowries towards defraying the expense of the ceremonial, while 
others, in addition, bestow a few articles of dress or some appropriate 
gift for the child itself. Thus, amidst a scene of homely festivity, 
it acquires it^ first dedication to humanity, and after this public ac- 
knowledgment of its rights of citizenship, is launched into the vorid 
within whose narrow vortex of toil and trouble it has to enoonnter 
the doom that inevitably attends upon all the chequered ordeals of 
life. Among the great and wealthy this custom is accompanied 
with protracted rejoicings and demonstrations of a careless liberality. 
In the selection of the name to he given they are mostly guided by 
certain ancient formulie, which, having been faithfully adhered to 
by their progenitors, has descended to them as hereditary heir^ 
Inonis from an almost primeval age. Identical with simUar rites eo 
oommonly practised by the Inta races, they perhaps are coeval in 
date, and have collaterally descended from one radiating source, and, 
if not, the most probable explanation would be, that the Akkrahs 
procured them from the former, and engrafted such a portion upon 
their own social codes at some subsequent period, as would servo to sup- 
ply any apparent deficiencies that might have then existed. Their titles 
are taken from the day of the week on which the infant is bom, and 
sra said to be mere modi&cations o5 *.\\b coMtAfj totvta^i^ ■Hhioh they 
"'■o ftviowi) to the FanteH. Each (Va5,t\\6te?iive,\\a.a\'i.s 
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ic attached to it, and in accordance with the eex of th< 
whether male or female, is the deriTation allotted. These 
appellations maj thus be enumerated : — 



Da2f. 


Male. 


Sundaj 


Quassh^ 


Moudaj 


Kudjo 


Tuesday 




Wednesday 


Quoliu 


■ Thursday 


Quahu 


rpiiday 


Kuffi« 


•Saturday . 


Quahm^ 



Female. 
Akoshuali 

Abranwah 
Akkuah 
Abbah 
Affeah 



To these also may be appended another series of names used in 
the Akkrah and Adamp6 towns, solely derived from the number of 
the oSspring brought forth, and varied individually with reference 
to their sex. By this peculiar system of nomenclature, each child, 
as it may be boy or girl, occupies an allotted station conformable to 
its age on the scale of family precedence, fulfilling to a great extent 
the Fundamental principles of primogeniture by the aathoritative 
sanction of a title. The eubjoined list includes the whole : — 

Male, FentaU, 



1 Tettfi 


7 Ashon 


1 Dedda 


7 Ashon 


2 Tetta 


8 Bontnwa 


2 KokkoT 


8 Bontuwa 


a Mensah 


9 Akkron 


a Mansah 


9 Akkron 


4 Annah 


10 Badu 


i irarnang 


10 Badi 


5 Annum 


n Oduko 


5 Mamu 


n Oduko 


6 ? 


12 Odunyon 


6 ? 


12 Odonyon 



.s an illusti'ation of the above, let us suppose that the accouche- 
ment of the woman should transpire on a Friday for example, either 
of her first or third son, as the case should happen, the designations 
they would then claim would be Ku^S-tett^ and KwffiH-niensdli ; or 
if, under similar circumstances, she should give birth to daughters, 
they woald become entitled to the respective cognomens of Affeak- 
deddd and A_feali-mansah. With the local authorities a wide di- 
versity of opinion abounds, regarding the sixth place in the preced- 
ing nnmeration, the majority stating that, from some inexplicable 
cause, the vacancy which may at present be said to exist, has never 
been properly filled up, and that the words " Shan and Shanshan," 
which some aver are the legitimate terms, are not of native appli- 
ce but of foreign introduction, while their opponents argue stoutly 
the contrary. To avoid the various arguments brought forward 
by both factions, I have provisionally omitted the " debateable 
points," and have placed them as they now stand, since the mass of 
ividenoe fully preponderates in favour of their non-retention. It is 
somewhat singular that the few primacy n8.vnea «>bLQu\d «i<i 'Ji.Qi&iik-^ 
correspond with the Fulahne numera\a Tetta (^^Y Mvi T>'vd4a '^. 
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females during the term of their geUutiou are accustomed to 
reaort to Bonie popular fetish-houae, for the purpose of bathiog in 
the consecrated waters Tended by the priests, that by 80 doing, they 
may lie enabled to crave for their unboiii babes the guardianship of 
its unearthly divinity, and also to guarantee their safe delivery from 
the perils and disasters of parturition. After the happy fulfilment 
of this event, the parents, in grateful thanksgiving for the boon, 
bestow upon the infant a modified variation of that title by which 
the fetish has been generally denominated. From this sourue pro- 
ceeds the third class or sacred appellations, a class to be foand more 
or less prevalent throughout the kingdoms and diGtrtcts where super- 
stition and mystery hold their reign. 

By the male populations of Akkrah and Adampe circumcisioD is 
constantly followed, but not at suuh an early age as by the Moham- 
medan nations more inland, the consummation being deferred until 
the boy has attained to tlie maturer growth of eight or tea years. 
This operation, comprehended under the native definition of Kotiah, 
is invariably performed by the country doctors, or rather eKclusive 
practitiosera of this surgical acijuirement, who gather together in 
their houses as many tyros as is possible, the whole of whom, with- 
in a brief space of time, bear convincing proofs of their operative 
skill and dexterity. The season of the year deemed most propitious 
for the completion of these rites, is from the middle of December to 
the termination of January, when the dry }Ia,rmattan winds which 
then set in exert an almost specific influence towards the promotion 
of their successful cure. The process is very simple, the preputta 
previous to its division being encircled by a ligature that protects 
the subjacent structures. The wound is afterwards dressed with 
raw cotton steeped in oil, and defended anteriorly by a grass or 
wicker-mat suspended by a corf round the neck of the invalid. With 
this shield also supported by both hands, they may be observed per- 
ambulating the streets with a timidity and awkwardness of gait that 
affords a marked contrast to their noisy yet cheerful vociferations. 
The doctor's fees, like the condition of his patients, is oftentimes 
humble, and rarely exceeds more than half-a-dozen strings of 

Circumcision is one of the most prominent traits which establish 
the line of demarcation between the different tribes of the Gold Coast, 
distinguishing the blended races which, to the eastward, inhabit the 
long tract of shore eq^uidistant on both sides of the river Volta, 
from the numerous nations that more exclusively trace their ori^ 
from the great Inta aoui-ce, more inland and westerly. Neither 
the Ashantes, Akims, Fantes, Assins, Aquapims, Aquambus, nor 
many of the Kroo communities, still further westward, conform 
to the principle of its primitive induction, although isolated in- 
stances of its adoption ha,ve occasionally been recorded amongst 
tbein. The late Dr Prltchavi Ivaa feeew \e4 mto Mi bytoy when ha 
rema.vks th&t it portains utriiisque seitis "m KVktiJft. ■0\i't«\^ 'C&t* 
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period of mj eeiTicQ at this station, repeated investigations into the 
eurrancy and carrectneBs of the report, has demoostrated that Buub 
k CDstom is unknown and unfolbwed bj iho females. A popular 
usage of quite an opposite cbaract«r is, however, inculcated by the 
AdatnpS women, living in the mountainous dietricts of Crobo, which 

Bpparently resembles the one so much in vogue at Whydah, and in 
be powerful kingdom of Dahomey, via., nympkx elonf/atio aHiJi- 
•aalis. The development of puberty in the girl is not promulgated 
by any public parade or ceremony, nor is a custom enjoined, yet 
snch manifestations are frequently to be noticed in English and the 
other Afckrahs, but they will upon inquiry be found to proceed more 
decidedly from those Fante inhabitants who have immigrated from the 
imjacent countries, and located tbemsdves within the town. 
Its institution has never been supported by the people of this part 

Marriages, f(e. — Polygamy, as might be naturally expected, is 
arried on to an unbounded extent, the only restriction to the num- 
ber of wives each man may possess being based on the resources he 

>f maintaining them. Many females are betrothed in their 
vfaildhood to partners of a corresponding ago, a bottle of rum and a 
fathom of cloth being annually paid by the parents of the latter, as 
'ft token of their sincerity and a continuous desire to confirm the 
■conditional engagement previously entered into. When the parties 
have arrived at the proper state of maturity, the ratification of the 
contract is demanded, and, if no obstacle intervenes, the nuptial rite, 

can he so termed, is solemnised by a series of rejoicings which 
htkVG been appropriately designated the " Marriage Custom.'' This 
social tie, however, is not connected with any religious formalities, 
and can only be viewed under the aspect of a purchase, since the 
woman, after the payment of the stipulated sum to her family, vir- 
tually becomes the property of her husband, who, invested with a 
legalised power, may allot her such duties or employment as ho may 
deem fit. The dowry usually given to the family of the woman on 
these occasions amounts to the sum of two ounces of gold, or thirty- 
two dollars, two-thirds of which are uniformly set apart towards 
satisfying the domestic wants of the bride, being applied to the pur- 

3 of various articles of dress, household utensils, and other mer- 
cantile commodities. Detailed in the subjoined list is a variety of 
merchandise required for this object, which, as it was furnished by 
one of my own attendants on the solemnisation of his marriage, 
may be taken as a general estimate with reference to others. 



6 Cloths of chintz, 4 yai-ds eacb, 
6 Heads of cowries, . 

1 Brass pan for washing, 

2 Tathoms of cloth for the mothei' 
2 Fathoms of cloth for wife, 

1 Comb and pot of pomatum, 
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6 Bottles of i-um, . 


50 


60 


Cowries for wife's box, 





50 


4 Silk Bandana handkerchiefs. 







1 Girdle of small beads, 







1 Wooden box. 







1 Pint of lacender water, 







1 Large stool, 







1 Oil-pot, 1 looking-glass, . 







I SUver bracelet, . 




50 


\ Pot for Ashant^ grease, . 




25 


strings of cowries are also daily paid b 


y the huab 


and 



subsistence of his wife for the period of one week after the cousDin- 
niation of the marriage. iDdependently of the pecuniary outlay thus 
incurred, no inconsiderable source of expense is derired from ths 
large consumption of rum and various edible conjuncts, in the convi- 
vial entertainments which are considered necessary for the due ci 
pletion of the affair, inasmuch as the friends and connections of 
both parties willingly assemble to offer their cougratulatioos or to 
express their approbation of the match, if only for the purpose of 
indulging in the inordinate libations of rum and other intoxiootiitt 
drinks which are lavishly provided on these festivals, especially n, 
the husband is an influential chief or man of wealth. 

Among the slaves and lower ranks of females, concubinage pro- 
vails to an indefinite e.itent, owing to the unfettered intercourse and: 
licentious system in which both sexes are reared. From the vidated. 
code of moi-als thus germinated, no obstacles are opposed to the fbrr 
matiun of these temporary unions with males of a corresponding; 
grade, and, unfortunately, this plan is too commonly chosen by thostf" 
who, from indolence, poverty, or other destitute conditions, art 
able to provide the means to procure a wife after the more orthodox 
fashion. When the preliminary arrangements have been adjusted OH' 
both sides, a propitiatory gift is commonly presented to the woman ta 
cement the alhance, which she exclusively reserves for her own 
It seldom esceeds the value of four dollars, and includes the follow- 
ing articles, viz., 

24 Strings of cowries. i 

4 Fathoms of cloth, 

1 Silk handkerchief. 

2 Bottles of rum. 

A wide separation, however, is to be made between this mutual com- 
pact and the ordinary nuptial rite, perhaps more clearly defined by 
the extent of control exercised by the husband. In the former, the' 
woman is less amenable to t\ie juvkAvctvoQ o^ Viet ^aitnoc, less sub- 
ject to restraint, and may at any motncnV \eB."ie\vivi\ -wvCnVei; ^jv 
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ffeoy, upon the infliction of any act of injustice or croelty ; in the 
(itter case the reverse precisely applies. 

The women of Akkrah are not celebrated for their chastity, nor 
is it comprised among the category of those national virtues to which 
they conscientiously adhere, as its non-preserTation constitutes no 
impediment to any permanent connection they may subsequently 
form. In the families of higher caste, indeed, it is somewhat dif- 
ferent, but even with these exceptions, its due appreciation can only 
be referred to that judicious education and jealous vigilance bestowed 
by the parents during childhood. Should, however, the results of 
i»ny illicit amour became palpable, abortion is secretly induced by 
the assistance of powerful emnienagogues indigenous to the country, 
W the offspring, by some connivance, is destroyed before it has at- 
^Ined any development, since its birth at the regular period would 
lot only degmde the girl in the estimation of the public, but reflect 
tDcb an indelible stain as would cling to her reputation for life. In 
Ibese social communities, therefore, as might be inferred from the 
irevious remarks, adultery is by no means of rare occurrence. The 
«tection of these criminal liaisons is not punishable wiih death as 
n other kingdoms in the Bights of Benin and Biafra, but by the im- 
jsition of certain fines which are determined more by the rank of 
le offender than from any extenuating circumstauces. The paou- 
aiary compensations awarded in these verdicts are mostly in accord- 
e with the legal usages of the place, and are founded on various 
Itstinctive grades which the parties occupy in their local position, 
Chus 12 dollars is the amount levied from an ordinary person, while 
i caboceer is mulcted in a much larger sum, viz., 32 dollars, and 
more in many instances. Theso penalties are stringently ex- 
60 that it is not an unusual event for the poorer people to 
one of their slaves or younger members of the family to raise 
tbe necessary sum in quittance of the fine. These derelictions from 
the marri^e contract on the part of the female are sometimes 
visited by the sentence of severe corporal punishment, unless she 
has become notoriously addicted to such sensual pursuits, when she 
is, ivilhout farther warning summarily divorced. This ultimatum 
does not appear to be often had recourse to, inasmuch as the husband 
in the majority of cases cannot afford to lose the value of the services 
be had hitherto purchased ; her family, under these peculiar condi- 
tions not being compelled to refund the marriage dowry, unless she 
tefuses to remain with him ; and the man is frequently too poor to 
obtain another wife. 

Other curious ordinances are also retained by these people, among 
which may be embraced those regulating the intermarriages of dif- 
ferent branches of the same family or tribe by particular degrees of 
affinity. These social restrictions, however, are limited within a nar- 
row compass, and as it would seem, appertain more specially to the 
'female offspring. Their hereditary predomitiatvcQ aa4 extoisvje ^'i- 
fusion tfiroughoutsai'eral of the native races otN^ealfttn M.v\'».,iiwt*. 
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Willi oilier proola that maj Im addscsed in support of these etate- 
fflenlE, lOAj be nwaitioned the InjiuiaMn which expresdj forbids th« 
union of any collateral isaoe bj the woman's ade. Fur example, 
tJte marriage of two sistecB' children is never permitted to take place, 
on account oftbe intimate relationship repoted to exist between tbem, 
although it would readily be granted if one of the pair belonged to 
the brother's family. It must be borne iu mind that this prohibitioa 
does not extend to (hoee cJiildren proceediug from the brothers or male 
kindred, who are allowed to intermarry without the sligbiest preJQ- 
diee, not onlj amoi^ themselres but with their oou^s on the aunt's 
Hide. A man may not take two cousins te wife trom the same parent- 
age for equal valid objections, uor yet two sisters, which is agreeable 
to the strict enunciations of the Letitical* and Mobamiucdan laws, 
altliough polygamy prevails in the widest sense of freedom. Allusion 
has beun made elsewhere to another mandate fullj as imperative, but 
of more equivocal tendency, which, claiming its propagation from 
the earliest ages of the world, has been strenuously advocated even 
to tilts day by those Semitic races by whom it was princip^j adopted, 
viz., tlie marriage of a deceased person's wife by his brother or next 
HuecesHor. It is a notable fact that a modification of tbia custom 
was comprehended in the code of precepts given to the Jewish nation 
by tlieir legislator, and interpolated by him, with others selected from 
the jurisprudence of the surrounding kingdoms, where it was proba- 
bly designed to answer some important result. The passages in 
Holy Writ relative to these observances may be found in Deutero- 
nomy, chapter Kx v., and are as follow: — " If brethren dwell t<^ether, 
and one of them die, and have no child, the wife of the dead shall 
not marry without unto a stranger ; her husband's brother shall go 
into her, and take her to him to wife, and perform the duty of a 
husband's brother unto her. And it shall be that the Srst-bom 
which slio beareth shall succeed in the name of bis brother which is 
dead ; that his name be not put out of Israel." 

At Akkrah, and I believe in the other tribes along the Gold 
Coast, the older rarely, if ever, inherits either the property or wives 
that pertained to his younger brothers or kinsmen upon their death ; 
after tliis event they become engrafted on the estate of those next to 
tliem in oonsanguinity, and are thus successively transferred through 
the various raniificatiuns of a family, as the seniors in turn respec- 
tively drop off. Under these circumstances, therefore, the eldest 



i 



brcAber asserts no prerogative over them, since his appropriation of 
tliem would greatly militate ugainst his dignity and pmilence, by 
those who esteem him in the light of a father and protector to his 
brethren, and be also deenied derogatory to the position which he 
maintains, in descending so far below it as to unite liimself with con- 
nectiona whose subordinate rank entitled them to rank litcle better 
than slaves," It is well worthy of record how much these usages 
are in unison with those Divine injunctions conveyed in many pas- 
sagea of the Mosaic writings, and what conclusive evidence they fur- 
nish of their primeval derivation and remote history. 
(To be continued.) 



Ftv/etsor Sedgwick's Classijicalion a?id ISfottienclalure of the 
Older PalfEozoic Rocks of Great Britain. 

Professor Sedgwick, in a Memoir he lately read to the Geolo- 
gical Society, first discusses some qaestions suggested by his former 
paper, and states that he once considered the Coniston limestone, on 
fossil evidence, as the equivalent of the Cnradoc sandstone, and the 
Coniston flagstone as the equivalent of the Wonloek shale ; that he 
■ had afterwards (from a better knowledge of the Bala fossils, and a 
knowledge, also, that there were material errors in the sectional po- 
sition of the lower groups of the Silurian System) for several years 
considered the Coniston and Bala limestone as exact or very nearly 
equivalents. Hence the importance of determining the place of the 
Conisttin flags. Ho then concludes (on a review of all the now evi- 
dence and In accordance with fossil determination, both by Mr Salter 
and Professor M'Coy), that the Coniston flags arc a true upper Bala 
group. Hence it seems to follow inevitably, that tbe Coniston grits 
are the equivalents of the Caradoc sandstone ; to which conclusion, 
however, the fossil evidence is, at present, not contradictory, but al- 
most entirely wanting. In tho preceding view, the successive beds 
over the Coniston grits, up to the Sags, grits, and tilestones of 



* We may come to the rationil conclusion, froni the tenor and elose aiipliance 
of bngoage used in the Koran, that the Projihet had nnqucstionahly in contem- 
platioD the evil consequencea which flow from the repeated intermarriages of 
ikindred blood, said to ceaee only apOD the eitinction of the family name. To 
■vert these dire contingencieg, limitations were at length pnhliahed, framed 
'kbnoat vtrbati'm from those passages of Scriptural hietory that refer to the sub- 
ject. These ore BDiunemted in the fourth chapter of the Koran, and are as 
.fcllow ■-— " Ye are forbiddoa to marry jour mothers, and your daughterfl, and 
yOQf alBlera, and your aunta, both on the father's and on the mother's side, and 
your brother's daughters, and your sister's daughters, and your mothers who 
lure given yon suck, and your foster-sister, and your wives' mothets, and your 
^_„'liMrt-tn-law, which are nndar your tuition, bora of your wives unto whom 
ye have gone into ; and ye are also forbidden to take to wife two siEiters, except 
wbat 13 already past." — SaU'i Trantlaiion. 





Kirkb; Moor, must represent, io order, the whole Wenlock umI 
Lwllow series. Hence, from the central granite of Sfciddaw Forest 
to the higbesc tilestone near Kirby-Londsale, there b an ascending 
doction on good paraUelisin with the whole afcending sections of 
Wales and tiie frontier Silurian country. He next compares the 
two great sections of Wales and Cumberland, iic, bj help of two 
synoptical views, which are as follows : — 
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By hjpotlieiiculiy placing the Longmjnd slates on tlie parallel of i 
Skiddaw slates, the successive groups in the precc^ling tabular sectiac 
may readily be made to tally. In papers published during tormwl 
years, Professor Sed^it;k separated the Cambrian series into a lowe 
and an upper division, which were called, respectively. Lower Cam-I 
brian Series and Upper Cambrian Series, and sometimes, after 1836, 
were called Lower Cambrian System and Upper Cambrian Systeni J 
and he adopts the same Bubdivisions now, with, however, one change 
of demarcation, fur he formerly made Ills line uf separation at the 
Bala limestone, while he now makes it at the bottom of the lower 
Bala group of the tabular view. But he never med the word 
Si/steti palaontologicalli/, but only to espress a definite sectioaul 
group in a great series of deposits; and lie contended many times 
against the adoption of the words " Silurian System" in any strict 
palreontological sense, as much as the " System" had neither a good 
physical nor palieootolugical hase. It appeared to form a part, and 
a very small part, of the great Cambrian series. That these were 
bis original views, and that he never changed them, he here proved 
by quotations from the " Proceedings" of tlie Sixriety, and from 
Other works. During nine or ten years he took for granted (on 
the unequivocal interpretation of the place of the lower Silurian 
rocks, as given by Sir R. I. Murchison), that the whole so-called 
Silurian System was properly determined in its position, and that 
it rested immediately on the abovementioned upper Cambrian divi- 
sion of the whole series. But difficulties arose in endeavouring, on 
this supposition, to join the upper Cambrian groups to the lower Si- 
lurian. A short historical account is given of these endeavours, 
which necessarily failed, not because the upper beds of the tabular 
section had been mistaken by the author, but because the base of the 
lower SUurian rocks had been misplaced, and their equivaler 
taken by the author of the Silurian System. The discussion of 
these questions led to the controversy (Quar. Jour. Geol. Soc., voLi 
p. 167. 1847) which is here noticed; and the Professor remarks, that i 
the wholo argument of Sir E. I. Murchison is based on a generaU 
ideal section, which gives his conceptions of the relatiana of the Si- 
lurian System to the other rocks with which it conies in contact.^ 
This section ho affirms to be not merely imperfect but er 
in its assumed bafio, and also wrong in its interpretation of the 
second of its actual groups. Hence he affirms that the wholri 
srgumeMt built upon it comes to the gi'ound. And he further af«! 
firms, that in no part of the Silurian System have the tnie relation 
of the Llandeilo flags been made out, either to the beds above thettil 
or below them. They are unquestionably the equivalents of thecal- 
careous slate of Bala, about the relations of which there never wat] 
any doubt. Hence he contends that the Llandeilo flags 
upper Cambrian, and not a luwer Silurian, group; and that th* 
Caradoe sandstone is the Vowest gToo.^ ma/ia out in a correct sQctioi(| 
bf the author of tlte Siluriau Sjslevu. Wewie, »lv*io, \\^ < 
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that the collective names of the rocks in the tabular sectioua art; 
correct, both on grounds of principle and of geographical propriety. 
The tabular section of Wales here giren diftere not at all from a 
general section exhibited by him in 1833. 



On the Physical and Chemical Constilulion of Natural Waters. 
By M. E. MAiiaiiANit. 

From the researches which 1 have now for a long period 
made upon the physical and chemical constitution of natural 
waters, and their geological origin, the following conclusions 
may be drawn : — 

\alt All natural watersi at least in the circumstances of 
which I ghall presently speak, contain iodine and bromine. 

2rf, All these waters contain lithiii. 

3t/, The whole of them, when they take their origin from su- 
perficial deposits connected with chalk, or in calcareous dis- 
tricts, contain iron. 

4(A, The origin of iodine and of bromine in water proceeds 
firom the transportation of these principles from the water of 
the sea, from the vapours or the aqueous particles which in- 
cessantly escape from it, and which, transported to the cou- 
tjnents, fall to the earth, in the state of rain, of snow, or of 
hail. The waters composing rain and snow generally contain 
an appreciable proportion of iodurets and of bromurets. 

bth. In well-wooded countries, iodine and bromine may 
disappear from the water which holds them in solution, by 
passing to a saline state under the influence of vital forces, 
due to the number of mineral principles engendered by vege- 
tation. The ashes of the greater part of our forest trees, 
elm, beech, fir, &c., contain iodine. 

Qth, The determinating causes of goitre and cretinism are 
not to be found in the existence of carbonate of magnesia in 
the waters which those afHicted with goitre and cretinism 
uBe for their necessary food. 

7M, The determinating cause of these maladies exists 
rather in the absence of iodine and bromine from the number 
of constitutive principles of these waters. 

Hth, The physical and chemical constitution of water varies 
eacb day in the /ear, and, perhaps, e^eu \u cinct^ \aQTn«oii 'A 
the day. At f/ie seasons when the tem\\eva\,ave\?^VC\^«.*'^,'^^ 
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density of the water is also strongest, and their richness 
saline principles most considerable. A sudden variation 
temperature produces also a considerable variation in thi 
constitution of the water, 

9M, We knew before this time the influence of the clear- 
ing of forests upon the abundance or the scarcity of springs. 
We had never, however, reckoned upon the influence of vege- 
tation in general, and, particulai-ly, of the influence of the cul- 
tivation of agi'icultural plants upon these same phenomena. 
It is generally believed that springs are more abundant 
winter than in summer. This opinion is erroneous ; it re-j 
suits, from my observations, that, in limestone formation) 
at least, the springs are more abundant when vegetatioi 
is most active, and that they decrease in importance in pn 
portion as vegetable life is extinguished. They are at theii 
minimum of production about the 15th or 20th of January. 

lOM, All our water, of springs, of brooks, and of rivers, 
contain azotes ; and, nevertheless, the water of the sea which 
receives these different fluids does not contain apprecia(>I 
traces of these salts. This may be accounted for, on the oni 
hand, from the influence of the respiration of fishes; 
azotes contained in water, in passing with it through their'' 
gills, undergoes a decomposition of which the result is am- 
moniacal. On the other hand, in the depths of the ocean, a 
considerable quantity of univalve and bivalve moUusca are 
found (oysters, mussels, Ac), which continually excrete ft- 
certain quantity of free sulphuretted hydrogen, which, in itft 
nascent state, ought still to convert to the ammoniacal staf 
the nitric acid of the azotes with which it is in contact. Thi 
mud and slime deposited by the waters contain crystals 
araraonico-magnesian phosphates, and the waters contaii 
hydro sulphuric acid. 

11(A, Hydrosulphuric acid, free or combined, is also oftenj 
if not always, found in rain water. It is this principle whicl 
supplies with sulphur the plants belonging to fhe cruciferous] 
family. 

12M, From this last fact, it results that those localitieA'j 
which are infected by hydrosulphuric acid, may he purified' 
therefrom by the cuVtivaAAoti cS ^Xa-Ti'ta "^i^wi^m^ \n tki 
/auiilv. 



I 



(" 



) 



S&e/ch of the OUmate and Ve^elation of the Himalaya. By 
Thomas Thomson, M.D., Aaaistant Surgeon in the 
H.E.LC, Service, Bengal Establiahinent.* 

Tlie great range of the Himalaya, wIigh taken in conjuactloii with 
the still more elevated mountains behind, which are tn iiowiee dis- 
tinguishable IVom it, constitutes the most stupendous moss of nioua- 
tains in the world, not only from containing the highest peaks, but 
tho, and still more remarkably, as presenting by tar the greatest 
Ikrea of elevated land. 

This gigantic mountain uiasK lies to the north of the great plain 

{ India, from which it rises on the whole very abruptly. It has a 

oirection very nearly from east to west, its west extremity is, how- 

a little mora northerly than the east, the latitude ri&Jng from 

26° at the east, to 33" at the west extremity. 

The mountain-chain to which the name of Himalaya is most pro- 
perly applied, may be considered as bounded at the south by the 
' " 3 of India, and on the north by the rivers Indus and Eurram- 
jwoter, which have their sources in the same spot, and run one to 
the east, the other to the west, among lofty mountains, till they 
enter the Ind'an flat country. Nearly in the centre of this chain, in 
^^ a most westerly part of Nepal Proper, lies the point of separation 
ietween the two great river systems, that of the Indus, and that of 
" rarapooter, constituting a north and south asis, which, when 
nown, will probably prove te be the grand axis of Asia. 
From this centre the chain of the Himalaya extends to nearly an 
pqual distance in both directions, the central axi.'^ of the chain being 
the line of water-shed between the streams which run toward the 
G of India on the south, and those which flow toward the Bur- 
Hmpooter and Indus on the north. This line of water-shed or cen- 
, will, on inspection of a map, be seen to be in general some- 
what to tlie north of half-way between the two boundary lines of the 
flhain, so that the distance from the axis to the plains of India, is 
greater than from the same place to the northern rivers. The mean 
vidth of the whole chain may be stated roughly to average about 150 
iiiles, of which 00 am to the south of the line of water-shed, and 60 
the north of it. 
From the central axis of the chain, lateral ranges of mountains 
1 both to the north and south, stretching in the latter direction as 
ar as the plains of India, and separated from one another by deep 
r valleys, which extend far into the interior of the mass of 
mountains. 
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The number of lateral chainB of the 6rst class which form the 1 
uf divisiuii or water-shed betwenu thi: basins of tbo great rivere 
the south side of the cenLral axis of the Himalaya, is about fourteen, 
separating from one another in a series from left to right the waters 
of the Jholum, the Chennb, the Beas, the Bai^i, the Sutlej, the 
Jumna, the Ganges, the Gogra, the Gandak, the Koai, the Teesta, 
and the SubhanEheri. These great chains, like the central aiisf; 
throw oif lateral branches, which separate from ono another the difi^ 
ferent branches, by the union of which within the mountains tbs 
great rivers are formed. 

The eleration of the central axis of the Himalaya is pi-obabiy sX 
a mean about 18,000 or 20,000 feet ; it is nearly uniform at about 
these elcTations throughout a great part of the chain, but gradually 
diminishes toward both ends. Like all mountain-chains, it preeenta 
alternations of high and low portionB, the lower parts, or passes, 
they are called, from their affoi'diiig the means of passage to trardl- 
lers from one side or the other, being at the upper extremities 
the river basins. These passes are, with a few exoeptiona, rarel] 
under 17,000 or 18,000 feet. The lateral chains, starting from' 
the more elevated portions of the centi-al axis between the pasaea^ 
gradually diminish in elevation as they approach the plains of 
India, not, however, with any exact uniformity of progression, fotr 
it is not unfi-equent to find them rise into lofty peats considerably 
more elevated than any known part of the central axis. The greater 
part of the giant peaks, which rise to an elevation of 26,000 or 28,000 
feet, are situated in this manner, not on the central axis, but to the 
south of it; it is, however, by no means improbable that masses of 
equal elevation, not yet measured or observed, may occur behind 
them, it boing unquestionable that the general elevation of the country 
continues to increase as we advance to the north, and that we have 
not yot (except in one place) attained to any point from which H de»i 
scent is commenced towards the northeru plains. i 

The direction of the principal lateral chains and of their included 
valleys, is, on the whole, perpendicular to the main axis, but with an 
inclination from the centre ; those on the extreme east inclining to 
the eastward, while those on the extreme west have a very westerly 
direction. There are certain anomalies in the courses of the rivers, 
particularly at the north-west extremity of the chain; which, how- 
ever, may be overlooked in a view so general and cursory of these 
rivers, as must necossai'ilj be taken on the present occasion. The 
most marked of these peculiarities may be observed 
the Sutlej, which runs for a very considerable part of its course nearl] 
parallel to the Indus before it turns toward the plains, thus eepf 
rating the western part of the Himalayan chain, almost from its 
very origin, into two branches, one of which separates the Sutlej 
from the Indus ; the "ther to the south of, and nearly parallel to. 
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tlie other, divides the basin of the Sutlej from that of the Jumna 
und Gaiigea. 

Fruin the great depth of the valleys which separate the different 
tnouDtain -chains, it but seldom happens that any rood crosses from 
one valley to another ; a traveller haa therefore, in general, excellent 
opportunities of studying the direction and ramifications of tiie dif- 
ferant chains, either in following the course of the valleys, or by tra- 
veUing along the top of the ridgea. In both cases he will find that 
his course is an undulating one, each chain and each branch of a 
chain being a curve, which bends first to one side and aftertvai'ds to 
tho other, giving oiT generally a spur on the convex £ide, while the 
head of a valley insinuates itself into the concavity. 

After these few worda on the physical structure of the mountains, 
the vegetation of whiidi it is my winh briefly to describe, it will still 
be necessary to devote a few minutes to the subject of climate and 
humidity, before I can proceed to my proper subject. 

Situated in the most southern part of the temperate zone, and 
boauding on the north a great peninsula, which extends far into the 
tCHTid xone, the base of the Himalaya to the south possesses an almost 
tropical climate, tempered, however, when the sun is on the tropic 
ef Capricorn by a moderately cool winter, and variously modified in 
different parts of the chain by the degree of humidity, a moat im- 
portant matter to be taken into con si deration in every question con- 
nected with the phenomena of vegetable life. 

The source of humidity in the Himalaya is almost entirely the 
Bay of Bengal, which is situated about 5 degrees to tiie south of the 
Aasteiii extremity of the chain ; and the wind which carries the humid 
atmosphere along the chain, is that whieh is known to nautical me- 
teorologists as the south-west monsoon, a wind which begins to blow 
in the open sea about the month of April, but whose effects are not 
felt in the far interior before the month of June. This wind, though 
constant in its direction at sea, is not so in its iidand course ; at the 
Lead of the Bay of Bengal it is almost a south wind ; it blowa from 
the sea neai'ly due north towards the Himalaya, striking in its course 
upon the low chain of the Khasya hills, whose maximum elevation 
is scarcely 7000 f«et. 

Upon this range the first force of the monaoon is expended, and 
the annual fall of rain at Churra I'oonjeo, elevated 4000 feet on its 
Boiithern slope, amounts to about 500 inches. This range, which has 
its origin among the mountain ranges of the south of China and north 
of Burmah, lies to the south of the Burrampooter, and following the 
course of that river, terminates in the concavity of its great bend, 
where it turns down toward the sea. The K hasya mountains do not, 
therefore, entii'ely run across the Bay of Bengal, so as to intercept 
the force of the monsoon from the whole of the Himalaya, a part of 
which wind, laden to saturation with moisture at a temperature of 
nearJjF 90° F., blows due north from the Bay of Bengal upon the 
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district of Sikkiin, which is on that account the most rainy part oB 
the whole range of the Himalaya, for, on the one hand, ibe moMC 
eastern parts of the chain are protected by the Khasja range, and,' 
on the other, the more westerly parts are more distant from th* 
source of moisture, and, therefore, receive a less share of it. Tha 
interception of the moisture from the province of Boolan and the ii 
dependent states north of Assam, by the I\Jiasya I'snge, has this 
curious effect, that the lower ranges of this portion of the Himalays 
are dry and arid, while above 7000 feet, to wliich elevation only tfatf 
hilla to the south attain, the climate is much more humid. 

The diminution in the amount of moisture in proceeding to t 
westward along the Himalaya from Sikkim is extreniely gradual, b 
also so far as our at present rather limited number of observations 
goes, very regular. The effects of the south-west or rainy n 
diminish step by step, as we advance westward, till on arriv-ing aA 
the valley of the Indus at the western extremity of the Himalaya, il 
ceases to be observed at all. In these most western portions of tl 
chain, very little rain falls at any season of the year, and the litt! 
which does occur, falls in the spring months, and is, therefore, quiti 
independent of the regular monsoon. 

It is also worthy of note, that in the more western parts of tfw 
chain, the climate is extremely dry at all periods of the year, excepi 
during the monsoon or rainy season, as it is called in India, whil4 
to the eastward the climate of the mountains shares to a considersblfl 
extent the more eijoable and always moist clima' 

The moxt important point of all, however, regarding the climate 
in respect of its effects on vegetation which requires to be home ii 
mind, is that a very great portion of the rain which falls is deposited 
on the 6rst range of mountains upon which the rain-wind strikei 
I have already pointed out that this is the case with the Khasyi 
range, and it is there strikingly illustrated by the fact, that it is only 
on the very south side of the hills that the rain-fall is so enormou^' 
the fall twenty miles north of Churra being probably less than hat 
what it is there. 

This tendency of the rain-fall to exhaust itself very oonsideraUj 
on the first range of mountains to which it has access, ia peculiarly 
important in a mountain chain 150 miles in width, its effect hein| 
that the upper part of all the large valleyK, and especially the inte 
rior valleys and their ramifications, are much mora dry than thosB 
adjacent to the plains of India, Even in the most humid part of thi 
Himalaya, in Sikkim, this difference ia extremely marked, and is 
the more dry parts to the west (the extreme east interior is no 
known), the inner valleys are so dry that rain is scarcely ever knowi 
to fall. 

In close connection with the increase of aridity, as we advaiiA 
from the plains of India to the interior of the mountains, I maj 
'Mention the increased alevalVon q{ \:\ie Wne n^ -^v^eX.u.A «>u\\^«W.vai 
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rliicli has evidently the same cause. In the outer lofty ranges of 
iie Himalaya, the snow-line is met with at about 16,000 feet, while 
a the Tibetan part of the chain, many ridges of 20,000 feet of eleva- 
Bon ate almost entirely bare of snow. 

Having thus alluded, in very brief and general terms, to the most 
fromiaent physical features of the mountaio chain of Himalaya, I 
iball proceed to describe, as rapidly as is consistent with cleomeSB, 
ihe general diaracter of the regctation which is to he observed in its 
Ufferent parts at all elevations, from the plains of India to the npper- 
it limit of vegetable life. This would be an easy task if the vege- 
lation were uniform throughout the whole chain, but owing to the 
[reat variations of climate to which I have just adverted, there is a 
Tery great difference in this respect, few, indeed, of the plants of the 
'pastern exti'eniity of the Himalaya being identical with those which 
occur in the far west. In general terms, it may be said, that to the 
UBtward the vegetation is very much more luxuriant and tropical, 
ftnd that it changes very gradually in advancing to the westward, in 
Vi&ct proportion to the diminution in the quantity of rain. The 
< same gradual transition in the vegetable world may also be obeerved 
. in advancing up the valleys, or in passing across the mountaiiis from 
tiiG outer valleys to those which are further removed front the Indian 
plain ; though in the latter case, of course, the effects of gradually 
increasing elevation must be taken into con sidt: ration as partly the 
anse of the change as well as the decrease of humidity. 

The plains of northern India which skirt the base of the Himalaya, 
do not (if we except the belt immediately at the base of the moun- 
tains) present by any means a rich flora. From their situation nearly 
on the tropics, their distance as a whole from the sea, and their proxi- 
wity to the mountains, they are not very damp, and their climate 
a too decided a lowering of temperature in the cold season to per- 
mit them to be clothed with the dense forest vegetation which clothes 
tiis tropical plains of South America. They are in general open 
plains without much wood, and where not under cultivation, are 
covered either with a dense jungle of different species of arundo and 
saccharum, or with scattered trees of varioue tropical families, acacife 
ftnd zizyphi being very common genera. Here and there only there 
»re patches of forest generally low and scrubby, and without much 
underwood, or any of the fine parasitical plants and ferns which are 
aa ornamental in tropical woods. 

In the lower parts of Bengal, the proximity of the sea somewhat 
modifies this general character ; a number of Ferns, one or two species 
of Pothos, and a few Orchideie, among which Vajida Moxburffhii 
and a large and fine Cymbidiuui are the most common, are to be 
tbund. In the same way the valleys of Silhet and Assam are ex- 
ceptional in character, but from their being inclosed with mountains 
of Bome elevation on all sides, they ate soatoeV-j Vi "o« \esf^'!4>A. v.'h 
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In tliis belt, which occa^e* the base of the 

Utiou ia of eoune qoite tro^ncal in character, and 
dencribed in deuiL Lu-ge cotton tKea (BonAoc) are in all pnta tf 
it particuisrljr conspicuons from the immense s» of thor tnnki^ 
wbicb are not cyUDdrical, but buttressed all round bj immanae plain 
which project far forward from the main trunk. Nanmiaas fig-treea 
of Terj" various species are aUo common, espcciailj to tha eastwwd, 
where man; line forms of the»e mavnifiei-nt trees everywhei 
tha oje, aton;; with species of Drlifnia. Canya, Bttthiida, and 
ffer*tromia. 

It is from the forest which lies along the foot of the Httnlda] 
tliat a great part of the timber is derived which ia consumed 
tiortlierii India. In the most eastern part, the most valuable tii 
in furnished by Lagerttramia rrginCf and perhaps other 
■pecioG ; further west, (he t&l PatKa robasta. the Skorea robusta i 
Itoxburjrh, is tliat which is most esteemed. The sal extends 
the vtLllL'y of Assam ax far west I believa as the Punjab, and is foai 
not only in the fere&t tract, but also in hot valleys among the 
tniriK. It belongs to a natural order (^DipUTOcarpete) which i 
liarly Indian, and wbicb furnishes many valuable kinds of timber. 
None of the species, however, except the one under consideration, 
extend beyond the tropics ; but they abound in the hilly countries 
of tho peninsula as well as in the low ranges of the Malayan pi 
aula, and 1 believe in Java and other Indian iglands. The s&l is 
muuh valued that it has become, in accessible places from whence 
can easily bo conveyed to the plains, very si 
of Inrge towns where there is a great demand for timber, I believe 
alraoxt iixtinct. It is therefore less commonly employed than th' 
wiiooo, n species f>f 7)ail)fr<)ir», >m\\vc\\\b ^atS-wvAeaVj aJbuni^nt aloiij 



i 



Vegetation of the Wimalai/a. 315 

lite foot of the mountains, more especially to the westward, growing 
in great prufuaiou on gravelly soil, and yielding a most ornamental 
imd Tsluable vaoA. 

The forest belt which skii'ts the base of the mountains rests for 
idle most part upon a dry gravelly soil, which slopes somewhat rapidly, 
Ithough not perceptibly to the eye, toward the open plains, and is 
generally dry. Just outside the forest, or sometimes still interspersed 
with patches of wooded ground, there is genemtly a low swampy 
tract, which is lower than the country immediately beyond, and from 
^ioh the water drains away slowly and withdifBcuity. This is the 

rai fiar excellence, and is, from the constant dampness of the soil, 
tnd the dense heat of the summer, peculiarly unhealthy. It is too 
low and too unhealthy to be much cultivated, and is generally covered 
■'by a dense jungle of tall grasses, species principally of Saeeharttm, 
^rundo, Atviropogon, and Anthistiria, which rise high enough to 
^rer an elephant, and afford shelter during the greater part of the 
^ear for multitudes of tigers and other wild animals ; at the oom- 
Riencement of the cold weather, this long grass is set on fire and 
burnt down by the inhabitants of the hills, who at that season de- 
•oend to the level country to feed their cattle and flocks. It is again 
abandoned to itself at the commencement of the hot season, as soon 
IS grassy vegetation has made sufficient pnigrsEs in the mountains. 
These swampy tracts are a series of lateral valleys which run parallel 
to tJie base of the mountains, and which, from being very slightly in- 
clined, present great obstacles to the escape of the water discharged 
into them by numerous streams from the mountains. 

Along many parts of the Himalaya, a similar series of valleys 
nearly parallel to the axis of the chain, but bounded externally by 
lulls offrom 2000 to 4000feet in elevation, may beobserved. These 
wJleyH ai-o known in the western Himalaya by the name of Dhfins. 
One of the largest of them is the Doyra Shiin, well known to 
Indian travellers as being traversed en route to Maeuri, a favourite 
iliill station, nnd now celebrated as the seat of an extensive cultiva- 
tion of tea in a climate which seems to sitit admirably that valuable 
plant. The Deyro Dhun is in its centre or highest part, from which 
it slopes down both to east and west towards the Ganges and Jumns, 
.about 2500 feet above the level of the sea, or 1500 feet above the 
level of the plains, immediately outside of its bounding range. 

Other Dhiins occur all along the hills to the westward. They are 
bounded on the north by the ancient rocks of the Himalaya, but on 
tieir outer side always by the tertiary sandstones and oongiomerates, 
now so well known from the labours of Falconer and Cautley, as thff 
Sewalik formation. In the north of the Punjab there are often several 
series of these valleys, tho innermost only resting on transition rocks, 
the others excavated out of the tertiary sandstones, which have there 
often a width of from 30 to 50 miles. 

The vegetation of the low ranges of tviUa t^s ■kViwU \.'ne DWvvi »xft 
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bouaded esternall;, does not deviate much, if at all, from the trol>iM 
type. They nowhere exceed an elevation of 4000 feet, whi»di is nift" 
Buffioient in isolated ridges to bring aboui a sufficient change of mean 
temperature to produce much alteration in the vegetation. Tliey 
are only IcDovrii I believe to the westward of Nepal, and therefore, 
in the drier parts of the region, they are generally covered with trees 
the same as those of the forest belt, with, in addition, a good deal of 
Finns lonf/ifolia, a subti-opical species of vine, and of a dwarf species 
of Pk<snix, almost the only palm of the western Himalaya. 

From these valleys where they esist, or from the open plains in 
other cases, the exterior ranges of the Himalaya generally rise 
abruptly to a height of 7000 or 8000 feet, in all parts of the chftin, 
except at the point of exit of the great rivers, where of course (' " " 
outline of the mountains is much modiiied, I shall probably bett 
GKplain the structure of the mass of mountains, by saying that t 
lateral cliain which separates any two adjacent river basins, gener^y* 
terminates abruptly towards the plains in a bold promontory 7000 
or 8000 feet in height, from which lateral branches parallel to the 
plains run in each direction, gradually diminishing in elevation till 
they are tennitiated by the great rivers. After the first sudden 
rise, the different ridges increase much more gradually, generally 
running nearly level for a number of tuilee, and then rising abruptly 
from 1000 to 2000 feet. 

In ascending on the Himalaya (or indeed on any range of moun- 
tains) from the base to the line of perpetual snow, the change of 
vegetation is extremely gradual, and within a liuiited change of alti- 
tude barely perceptible, any division into groups must therefore be in 
a great measure arbitrary. Still some mode of subdivision is quite 
necessary for the purpose of description, as otherwise the mind would 
be puzzled by the multitude of facts. The less complicated, however, 
the mode of division is, the more intelligible it will be ; it appears 
tlierefore quite sufficient to refer the forms of vegetation to three 
gruups, simQar to the three zones interposed between the-^equator 
and the pole, namely, tropical, temperate, and arctic ; or to usV^ 
terra more commonly applied in the case of mountains, alpine vegt 
tation, \^ 

There is so great a diversity in the vegetation of different parts ' 
of the Himalaya, tha.t I should entirely fail, were I to attenipt to give 
any general idea of the vegetation of these different zones. I shall 
therefore select two particular spots, and by relating in some detail 
the gradual changes of the vegetation in each of these, 1 shall, " 
hope, be able to give a good general idea of the general appeart 
of the phenomena of vegetable life. 

The hill station of Darjiling is distant from the plaii 
little more tliauSO miles; the rood follows a ridge which ascends in the 
first 13 miles rapidly to about 7000 feet, and then runs gradually with 
little change of level for lV\e vamaTOiot «l iko**.^, ''i^vmv^ivyift. ■4* 



hall,.0 
artHMj^l 

inga) & 

in the 
y with 

J 



Vegetation of the 'Bimalaya. S17 

hole distance tho mountain sides are lined with dense forests ; except 
I the early morning, an almost perpetual mist hangs over the trees, 
hioh collect and throw down I'rom their foliage an abundant supply of 
loiHture. On emarging from the dry belt of tropica! forest, the ascent 
tmmences at once up a dry ridge, covered at Grst with the same 
IwcieB as grow upon the plain, species of Bombas, Terminalia ; 
Iterculia, Embhca, Duabanga, Alstoaia, Gmelina, Bauhinia and 
'hers are abundant, with many figs, some species of Artocarpus, 
id a proportion of bamboos. By degrees a vegetation characteristic 
' mountain tracts, but still tropical, tabes tho place of those just 
©ntioned. A Gordonia is extremely abundant, with numerous 
iphorbiaceous trees allied to Mappa, various species of Crarcinia, 
18 toon (Cedrela toona or serrata), a variety of mimoseous trees, 
iioreous species of Vernonia and Ilelicia, beautiful Baubiniee both 
■oct and scandent, the latter climbing to the tops of the highest trees 
tiib a trunk nearly as thick as a man. The road runs along the 
p, or on one side oi^ the ridge, looking down into deep valleys full 
the densest forest. If we leave the road to enter into these dark 
id moist hoUowG, vre find that there are occasionally small tracts 
'flat land along the banks of the atrcaniB, which however, more 
^uently run through deep ravines, clothed with dense thickets of 
fliade-loying trees, species of laurel, alder, magnolia, being mixed with 
'le giant figs, which often form a great part of the forest. In these 
[Ore ebady places the plantain and tree fern luxuriate, and a dense 
iruahwood covers the ground. Not unfrequently large tracts are 
nvered with thickets of Calamus, a prickly palm which attaches 
teolf, by long hooked flagelli to the trees, and often presents a formi- 
bhle barrier to the traveller who tries to penetrate into its recesses. 
Fhe trunks of the trees are often clothed with a dense mass of Potbos, 
Kid of the huge-leaved Scindapsus, completely encircling them all 
mind, and converting them into leafy columns, while the wide- 
ipreading branches of the higher trees bear a profusion of Orchideie, 
'hieh overspread them even to the vei-y top, and, when in flower, 
ave a most gorgeous effect. 

In shady valleys, as low as 2000 feet, appear the first specimens 
f oaks and chestnuts, which in the eq^uable temperature of such 
[^aces, descend much further on the mountain slopes than in the 
feiore arid and variable climate of the western Himalaya, 
' On attaining an elevation of about 6000 feet, the vegetation has 
tecome temperate. The purely tropical forms have almost entirely 
idisappeared, and in their place the forest abounds in trees of tem- 
yerate climes. Species of Oak, Holly, Cherry, Laurel, Rhododendron, 
StyraiE, and Magnolia, of gigantic size, form the forest, densely 
covered with mosses and orchidoBe, and with an underwood of species 
Berberis, Daphne, Lonicera, many species of Vitis, and smaller 
f^ecies of bamboo than those of the tropical region. Ferns are at 
gocb elevations extremely abundant. 



From the station of Darjiiiiig, tliu view in ever/ direction over- 
looks mountain rangesj covered with dense forest, except in a few 
spots where partial clearances have been made for cultivation. No 
bare or grassy mountaina meet the eye, no rocks or precipices afford 
any relief from the prevailing uniformity, which, hut for the inaEui- 
ficence of the snowy mountains behind, would be undoubtedly n 
tonous and fatiguing. 

The ascent from the plains of north-west India to Sioil^ if, 
about the same length as that to Darjiling, but presents iha ma4 
marked conti'aft in vegetation, being throughout bare and gratey. 
The road ascends at first in ten miles to an elevation of 6500 {o&tf 
then descends to about lOUO feet, and ascends gradually to 5000, 
The ascent couimences from the Finjore Dhiin, a lateral valley wliic' 
runs at the foot of the mountains from the Sutlej to the Junui 
rivers. There is no forest in this valley, which is open, and to i 
great extent cultivated. The lower hills are covered with a shrubln 
vegetation ohai-actoristic of a dry climate. Species of Zizyphu^ 
Carissa, Butea, Adhatoda, Bcrgera, .^gle, Flacourtia, and othfl 
common shrubs, with one species of bamboo, and only one fig. Aftq 
tiie ascent commences thuse bushes are only scattered at intWToJi 
over the hills, the greater part of the surface being bare and grassy 
A similar open country extends all the way to Simla, except wkt 
a few fir trees (Pmug longifolia) crest the ridges, and in the mc 
ehady ravines, which are lined with a few small trees. 

The transition from tropical to temperate vegetation begins, in 
far as it is indicated by the small amount of shrubby vegetation, at 
about 5000 feet, bnt on tlie more exposed slopes, plants of worn 
climates extend up 1000 feet higher, and the herbaceous vegetation 
principally grasses, is entirely composed of tropical forms. 

It is only un approaching Sunia, and attaining a height of nearif 
7000 feet, that forest vegetation commences; at that elevation, opeBj 
forests of Oak, Rhododendron, and Andromeda, intermixed widt* 
several species of pines, and a great number of temperate shrabs, d^ 
8iich genera as Rosa, Rubus, Viburnum, Eerberis, Spiraea, I.onieerac 
Indigofera, Prinsepia, Salix, Daphne, and others. 

The view from Simla presents a very marked contrast with that 
from Darjiling. The general outline of the mountains is very m 
die same, but they are more rucky, and very generally bare; 
forests, which to the north are dense and abundant, occupying t^sfij 
the north slopes of the moiintains, so that in looking from thesof 
the crest of the ridges only are seen te be wooded. The scene 
therefore, is more diversified than in the eastern Himalaya, I 
abstracting the snowy mountains, more pleasing to the eye. 

Between the two extremes which I have described, every iDtieC 
mediate form may of course be met with, the law of alternation beinj 
apparently the following, that in advancing westward towards 1 
bumid climates, the lower UUa from a.\iau\. QQQQ t.o '2Q00 feet I 
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ComBiDOre aud mori baxe aud grassy, wLil^ Lhe tower levels and the 
base of Uie mountains ret&in a, greiiter degree of damp and are clothed 
with forest, II >Tould appear also tliat above 6000 or 7000 feet, 
■if ta 10,000 or 11,000 feet, at wbiuh elevation mountain ranges 
ieneiblf interrupt the passage of the moist atniosphei'e, the temperate 
SMiges are more moist than those below them, which do not collect 

j cloudfi, and have a higher temperature, and cont^quently more 
g^Owerful sun- To the eastward of Sikkim, the same ph^^nomena are 

y well marked, the lower ranges being extremely dry and arid, 
ftbile above 7000 feet, dense forest and a humid atmosphere prevail, 
Bst as in the mountains of Sikkim, 

Tbe valleys of the larger rivers which traverse the Himalaya from 
|OTth to south, have of course a, much lower elevatiou than tbe 
fountains by which they are surrounded; and up thorn, therefore, 
topical vegetation penetrates very far into the interior. In the 
ixtreme west, the valleys of the Indus and Cbenab, and even of the 
gutlej, are up to the height of 5000 feet, which thej do not attain 
^ more than 100 miles from their exit into the plains, hot, dry, 
|nd tropical. Further east, the tropical foreat stretches far up tho 
iT^eys, and tbey are only hare Tor a small portion of their extent, 
Md in the humid atmosphere of Sikkicn they are densely wooded 
tiiroDghout. In that province, the valleys of the Teesta and ica 
^ibutories ciu-ry tropical vegetalioii far into the interior, almost 
irithin a day's journey of the line of perpetual snow, and the luxu- 
riance of the dense and dripping forest requires to be seen to be un- 
darstood. 

The temperate region of the Himalaya may be said to extend front 
)bont 5000 feet, or a httle above it, to tbe upper limit of arboreous 
Vegetation ; which, to the westward, is about 12,000 feet, to the 

t about 1000 feet higher. Above 9000 feet, however, the tem- 
perate region is characterised by many remarkable forms, which da 
iQot extend lower ; these are generally, iu the west especially, of 
very European type; but in the eastern flora, it is at such levels that 
the magnificent Rhododendrons of Sikkim, which form so striking a 
^rt of its Sora, principally oucur. In this zone a great part of the 
trees are of European genera, alder, oak, biroh, hazel, hornbeam, 
Itorse- chestnut, and cherry, being characteristic forms. It is also 
.especially the region of coniferous ti-ees, very few of which extend 
either below or above it. The pine which descends to the lowest 
ilevel in the Himalaya, is Pinus longifolia, which is a common tree 
throughout the whole region from the mountains of the Punjab to 
the east of Bootan. It is confined in a great measure to the outer 
s of the mountains, and commences as low as 1000 feet above 
the level of the sea, rarely if ever attaining a greater elevation than 
7000 feet. This ti'ee appears to have a very great power of endur- 
ing varieties of climate, for it seems equally at home in the hot, 
danip valleys of Sikkim, surrounded bj an entivQl^ t.i:o^\«»,\. 've'^^tjtSk- 
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tion ; and on the dry stony bills of the Punjab where rain hardly 
ever falls, and it is at all seasons exposed to a powerful and scorch- 
ing sun. The only other coniferous tree of low elevations in the 
Himalaya is Podoearpus, one species of which is a native of the 
lower ranges of Nepal and Sikkim. 

Pinvs exeelta, which is allied to P. Strobus, and Pinvs Smithiaiui, 
which is near Abiee, are the more common species of the central 
zone, which are dbtributed throughout the whole extent of the Hima- 
laya. In the same zone, the Deodar (Cedrus deodara) is confined 
to the western mountains, not being, I believe, to be found indigenous 
in any part of Nepal, wliile P. Brunoniana, on the other hand, 
commences in the eastern parts of Kamaon, and estends as far east 
as Bootan. The most alpine species of the family are P. Gerar- 
diana, P. Webbiana, and several species of juniper, of which all 
but the fii'St, which is a western tree, deem universally distributed. 

It would be needless to dwell at any length on the alpine zone, 
because luxuriant as is the vegetation, and beautiful as are the 
plants, tho forms at least must be familiar to most of my auditors. 

I must be content, in conclusion, with drawing your attention to 
the change produced in the vegetation, in tho temperate a 
pine zones as we advance towards the interior of the mountaius, jM 
consequence of the diminution in the amouut of rain. 

In travelling through the Himalaya we ascend a great r. 
ascent is so very gradual, that the change of climate and of vegeta- 
tion in ascending is almost imperceptible, and is only detected by 
careful observation. If, however, on the other hand, we cross a 
range of considerable elevation, and descend on its norther 
another valley, the transition is often very striking, and if the ohailt.l 
be sufficiently elevated to intercept the greater part of the rain, tba'-T 
contrast between its two sides is perfectly astonishing; when the 
transition is thus complete, the traveller leaves dense forests and 
common Himalayan vegetation on the one side, to find on the other 
a dry, barren, bumt-up soil, with scattered Astragali, Boragaieee, 
Crvci/eree, of forms quite characteristic of the flora of Siberia. Such 
is the vegetation of Tibet, which may be reached either suddenly 
by crossing a lofty pass, or gradually by ascending the Indus, the 
Chenab, the Sutlej, the Ganges, and many other of the Himalayan 
rivers. This arid vegetation is met on the Sutlej, as low as 10,000 
feet above the level of the sea. and is therefore in iio way dependent 
upon mere altitude. 
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Gbulooical Socierv, Soubbset Uodbb, 
March 10, 18S2. 

Sir, — Ml" Naarayth having brought forward an hypothesis 
respecting the origin of light, which I have just met with in 
your last number, I am emboldened to mention an hypo- 
thesis on a kindred subject which occurred to me some 
months past. 

Sir J. Herschel considers that the sun's outer atmosphere 
IB the source of light to our system ; and has, I believe, sug- 
gested that the sun himself, as well as the rest of the system, 
has been gradually condensed from a gaseous condition. 
Now, combining these two ideas, we may conceive of a period 
when, though both the sun and the earth were in nearly their 
present state of condensation, the luminous atmosphere of 
the Bun was vastly more extended than it now is, and reached 
beyond tlie limits of our orbit. Under these conditions, the 
earth would receive a nearly uniform amount of external 
heat, and polar climates would not have begun to exist. We 
should thus be enabled to account for facts in geology which 
are more difficult of explanation than the glacial epoch,* 
namely, the occurrence of tropical forms of organic life in 
temperate and even in arctic latitudes, and the approach to 
a cosmopolitan distribution of species which we meet with in 
descending the geological series. 

This hypothesis — for to no higher title does it aspire — will 
as well tally with the description in Gen. i. of the prior crea- 
tion of light, as does that advanced by Mr Nasmyth, though 
both are open to the objection that day afid night are men- 
tioned before the creation of the sun. This, however, is a 
'difficulty which has perhaps not been satisfactorily solved on 
any supposition. 

In favour of the view which I am bringing forward, it may 
be observed that in Gen. i. 14 the Hebrew for " lights," is 
rather " luminaries or W^i-bearera" 



* See Hopkin5 on Chsngefl of Climate, Geol. Quarl 
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Should you deem tLis commiioi cation wortliy of a place in (I 
your journal, I shall consider myself honoured by its insertion." 
— I am. Sir, your obedient servant, 

n. M. DE LA CONDAMINB. 
Prop. J am k son. 



Eskimos, their Geographical Digtribution. 

Tlie Eskimos are essentially a littoral people, and inhabit^ 

nearly five thousand miles of sea-board, from the Straits of 
Belleisle to tbe Peninsula of Alaska ; not taking into the 
measurement the various indentations of the coast-line, nor 
including West and East Greenland, in which latter locality 
they make their nearest approach to the western coasts of 
the Old World- Throughout the great linear range here in- 
dicated, there is no material change in their language, 
any variation beyond what would be esteemed in England I 
a mere provincialism. Albert, who was bnrn on the East I 
Main, or western shores of James' Bay, had no great difficulty B 
in understanding and making himself understood by the r 
Eskimos of the estuary of the Mackenzie, though by the ' 
nearest coast-line the distance between the two locahties i 
at least two thousand five hundred miles. Traces of their 
encampments have been discovered as far north in the New J 
World as Europeans have hitherto penetrated ; and their I 
capability of inhabiting these liyperborean regions is es 
tially owing to their consuming blubber for food and fuel, and 
their invention of the use of ice and snow as building mate- 
rials. Though they employ drift-timber when it is available, 
^tbey can do without it, and can supply its place in the for- J 
^ their weapons, sledges, and boat-fi'ames, wholly by I 
the teeth ani bones of whales, morses, and other sea-animals, I 
The habit of a-wociating in numbers for the chase of the I 
whale has sown imong them the elements of civilization j I 
and such of them as have been taken into tbe company's J 
service at the fnr-posts fall readily into the ways of theirl 
white associates, and are more industrious, handy, and in-f 
telligent, than the Indians. The few interpreters of thej 
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natives that I have been acquainted with (four in all), were 
Btrictly honest, and adhered rigidly to the truth ; and I have 
every reason to believe, that within their own community the 
rights of property ^re held in great respect, even the hunt- 
ing-grounds of families being kept aacred. Yet their covet- 
ODsnesa of the property of strangers, and their dexterity in 
thieving, are remarkable, and they seem to have most of the 
vices, as well as the virtues, of the Norwegian Vikingr. 
Their personal bravery is conspicuouB, and they are the only 
native nation on the North American continent who oppose 
their enemies face to face in open fight. Instead of flying, 
like the northern Indians, on the sight of a stranger, they 
did not scruple, in parties of two or three, to come off to our 
boats and enter into harter, and never on any occasion shew- 
ed the least disposition to yield any thing helonging to them 
through fear. — (^i> John Itichardaon). 

Origin of the Eakhnos. 

The origin of the Eskimos has been much discussed, as 
being the pivot on which the inquiry into the original peopling 
of America has been made to turn. The question has been 
fairly and ably stated by Dr Latham, in his recent work 
" On the Varieties of Man," to which I must refer the 
reader ; and I shall merely remark, that the Eskimoa differ 
more in physical aspect from their nearest neighbours than 
the red races do from one another. Their lineaments have 
a decided resemblance to the Tartar or Chinese countenance. 
On the other hand, their language is admitted by philologists 
to be similar to the other North American tongues'in its 
grammatical structure ; so that, as Dr Latham has forcibly 
Stated, the dissociation of the Eskimos from the neighhour- 
ing nations, on account of their physical dissimilarity, is met 
by an argument for their mutual affinity, deduced from philo- 
logical coincidences, — {Sir John Richardson.) 



On the Arlificial Formalivn i^ itmeraU. By HavSMAS] 
Ebelukh, Sasabhost, and Bmcq.usLRBi^ 

1 . Artijicial Frtrmation nf 3Iiner'iU by I^ttMmt Anion. By Vt 
fessor IIAUS3IAKX of GotlingeB. 

MJUcIierlich, many ;ears ago, pubti«lieil importaiit detalkont] 
■ubjcct. More lately, Professor Hausmaon of 'Gottingen, in ta I 
teresting Memoir, of which a copj was forwarded to as, giroe mi t 
count of minerals he observed forming about furnaces, hy fnnou 
action. He enumerates the following : — Silver, lead, copper, irt 
biiiniuth, lead-glance, blende, oxide of zinc, red copp^ ore, trc 
glance, magnetic iron ore, chrysolite, pyroxene, containing alomii 
Ilumlwldite, orthoclase, lead-vitriol, and arseniate of nickel. 

Brown, yellow, green, and black blende were observed formed 
the furnaoea of the Lauten valley in the Hartz, in regular octal 
droijH and dodocahedi-ons ; also, in lamellar and radiated coocretioi 
Lead-glnnce, he informs us, is often formed by sublimations in t 
chimneys of furnaces, and the crystals are cubical with the uat 
cleavage ; and crystals of magnetic iron sometimes incrust CAvitl 
in the stone or brick work of the furnaces. 

2. On tlie Artificial Fonaatiim of Minerals in the Dry Way, or 
through tlt« agency of Heat. By M. Ebelmbn. 
Tliu method pursued by M. Ebelmen in his investigations, con- 
nists in dissolving the constituents of the mineral to be formed in an 
appropriate solvent, and submitting the whole to evaporation at a 
high tompemture in a porcelain furnace. Boric acid was the sol- 
vent uommoiily employed, but the author also used borax, phosphoric 
acid, and certain alkaline phosphates and alkalies. Many minerals 
were formed by this method. Thus of the minerals belonging to the 
Spinel group several wero obtnined by the author. The experiments, 
however, have been repeated, and with better success, as regards the 
sixo and perfection of the crystals obtained. 

Magneaian Spinel was prepared, by igniting a mixture of alu- 
mina, magnesia, chromate of potash, and boric acid, the mixture re- 
maining in the furnace eight consecutive days. The crystals thus 
produced were octahedrons, truncated upon the twelve edges ; soni 
of them three or lour millimetres in the side ; they were transparent 
of great lustre, and of a more or less marked rose colour. The anj " 
measured perfectly corresponded to the theory; the density of 
crystals was 3'542. Oa/mite was obtained bj a, precisely simili 
proccKS in well. defined, white, octahedral crystals, of density 4-58, 
By nddin^r a small quantity of bichromate of potash to the mixture, 
ru6y-red truncated octahedrons were otoimfti o^ gteol Waut^ and 
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Ostre. Chromite of Manganese was obtained by igniting together 
«j4a of chromium, oxide of manganese, and boric scid. The crjetals 
rere regular octahedrons, of a semi-metallic iron-gray colour, of 
leDsity 4'87, and of a hardness sufficient to scratch quartz. Chro- 
nxte of Zinc was procured in the same manner, and obtained in the 
brm of small, very briUiant, regular octahedrons of a greenish- black 
nloiu-, and of density 5-309. at 11° C. The atemic volumes of the 
jAromites vfere found somewhat higher than those of the aluminites, 
'^tat of chromite of zinc being 27'& ; of chromtto of magnesia 28'7 ; 
"f etromite of iron 28-3. Ferrite of Zinc was obtained in the form 
if BDiall black brilliant octahedrons, of density d-132, Its atomic 
mlvano ia 29-3. 

The formation and properties of artificial Chryaoheryl, the alumi- 
ate of glucina, were described by the author in a memoir, in the year 
1847. By repeating the experiment, with the addition of carbonate 
>f lime to the mixture of alumina, glucina, and boric acid, a perfectly 
pure Chrysoberyl was obtained in transparent crystals 5 or 6 milli- 
' 1 length. These crystals have a slightly greenish tint, are 
hard enough to scratch topaz, and of density 2-750 at 12° 0. The 
sryEtalline form was found to correspond perfectly with the deter- 
minations of Deacloizeaux, made with the natural mineral ; many of 
the crystals were similar to those found in North America, in Brazil, 
and the Ural. ChrysotiCe or Peridot was obtained by fusing toge- 
ther silica, magnesia, and boric acid ; the crystals were several milli- 
metres in length, perfectly transparent, but slightly yellow ; their 
form was an octahedron, with a rectangular base deeply truncated 
Upon its two summits. The angles measured agreed perfectly with. 
those of the mineral species. A borate of aluniina, having the Ibr- 
mnla (AP 0^) BO^ was prepared by igniting aluniina with borax, 
or by igniting alumina, oxide of cadinium, and boric acid. The 
crystals were rectangular prisms from six to ten millimetres In 
length, transparent and colourless, and hard enough to scratch 
quartz. The addition of silica to the mixture prevented the fornia- 
Uon of a borate, and the alumina then crystallised in large hexa- 
jonal crystals of a very high lustre. These crystals are double six- 
aided pyramids, deeply truncated upon their two summits ; the 
measured angles exactly corresponded with tboso of Corundum^ 
The density of the crystals was found to be 3-928 at 20° C. ; their 
hardness was that of Corundum, and they eajdly scratched topaz. 

I this process the silica may he replaced by other substancos ; 
'carbonate of baryta gave largo crystals of the same form ; carbonate 
<)f soda produced the same effect, and several other bodies were 
'employed without essentially modifying the result. Rutile was 
obtained in long acicular prisms by igniting a mixture of titanic 
acid with the phosphate of soda and ammonia; the crystals were 
'transparent, and of a golden-yellow colour ; their density was 4-283, 
which agrees whh that of ruti\e. It wifi te TeTO6a&'i\%*i. 'i;M(i>\. 
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DauLi'^8 obtained titanic acid crystallisad by the action of the Tapomi 
of water upon the chloiide of titanium at a high temperatui'e ; the 
cryatala were however identical with Brookite. 



3. Eaperimenta upon tlie Formation of Minerals in the Humid 
Wat/, in MetalUferous Repositories. By M. de San*rmokt. 

Geology has means of investigation which are peculiar to itscll', 
and now comprehends a certain number of especial truths definitively 
acquired to science. 

It is thus that geology has been able, without foreign aid, to 
characterise the manner of the formation of the sedimentary rocks, 
and to arrange them in seriea ; it is thus that it has succeeded in 
distinguishing in crystalline rocks, and in metalliferous repositories, 
different classes of whicti it can assign the probable origin ; and in 
so far as it has not drawn conclusions too far remo?ed from its 
fundamental principles, its anticipationii have almost always beea con- 
firmed by experiment. 

It is to mineralogical chemistry that geology owes the usefol ei 
periniental control of its rationid conceptions. Crystalli 
rals have, in fact, a complete chemical origin ; and it is chemic 
experiment which ought to support geology in its future progress 
the study of the rocks of which it is composed. 

Chemistry, then, can do much for geology by lending its 
of esperiment ; but upon the condition of itself remaining pui 
geological ; and of borrowing in its turn particular means of stad] 
and the general data which the science a priori has collected upOl 
all the conditional peculiarities of structure, relative positi 
tion, or mutual exclusion, to which certain mineral species 
needs be subject. In a word, it is necessary that all the circumstaiu 
where the natural operation has left characteristic traces, discovei 
by the geologist, should reappear in the artificial operation of t) 
chemist. 

The experiments, then, of mineralogical synthesis should embi 
the different groups of mineral species which are united in nature,' 
and should support themselves upon certain probable geological in- 
ductions concerning the formation of the beds whicji they enclose. 
Certain isolated species have already been obtained, and principally 
those which approximate to the usual products, according to the dry 
method. 1 have attenipted to do more, and to discover some indicea 
of the general causes which have originated the different classes of 
metalliferous beds. 

I now conimonce this great probjeui, by the study of the 
tionary veins which approach most nearly to the existing formations! 
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and the principles I Lave just explained hare been the sUiting-point 
of the rosearcjjea which 1 am about to submit to the Academy. 

The concretionary repositories eeem to be foi-med by golution ; 
the mineral specieii which we there find would theo be the products 
of the huiuiJ method, deHved from liquid deposits, and to a. certiLin 
extent may be compared to geysers and thermal springs. Moreorer, 
the principles moat generally prevalent, even at the present day, in 
tbeee springs, are the carbonic and hydrosulphurio acids, the alkaline 
Baits, and amongst others the carbonates and sulphurs ; those, then, 
aro the reagents which I have proposed first to employ. But amongst 
the different influences which may modify, in the subterranean 
eanals, the usual chemical reactions, we nmst undoubtedly reckon 
firat preesure and a temperature increasing indefinitely with the 
depth ; and I hare endeavoured to realise this double experimental 
condition. 

It is very evident that this creates numerous difHculties; and we 
must not be surprised if the crystalline state of the products thus 
formed is sometimes imperfect, and always microscopic. Sesides, it 
is not the size of the crystals which results from such problems, it 
ia the mere fact of their creation ; and in order to obtain more, 
all that Is required, according to the expression of Daubonton, '' is 
time, space, and rest,'' — powerful msaiis, which belong to nature 

The method which I have pursued e^entiallyconsbts in producing 
all the chemical reactions %n a liquid condition, and in glass tubes, 
hermetically sealed, heated from 100 to 360 degrees, I have 
almost solely employed solutions of carbonic and hydrosulpburic 
gases, of bicurbonates and alkaline sulphurs, alone or mixed in Ta- 
riable proportions ; I have, then, I repeat, as for a starting-point 
the composition of many mineral waters, and their most energetic 
principles. 

By these means of procedure I have artificially formed a great 
number of natural compounds. Each family of minerals generally 
group themselves around a common generating agent; so that we 
m^bt then classify them thus in relation to the presumed composi- 
tion of the thermal depositions which have served to produce them. 
I did not wish to make this approximation too absolutely ; as it 
a[^>eflrs to ma to go beyond the immediate interpretation of the 
iacts; and I shall limit myself here to the mention of the oom- 
pouuda which I have obtained, and the different classes of minerals 
to which they belong. 

Native Metals. — Copper and silrer, mixed but not combined, as 
observed in certain mineral repositoi'ies in North America. 

Mative Arsenic. 

Omides.—REd iron ore Fo' O''. Quartz aiO^ in regidar six- 
Bided prisma, acuminated with six planes, with stris, and sometimes 
with nneqn ally-developed acuminating planes, so frequent in natural 
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crysLala. lied cupper ore, or red oxide of coppei', in red, ahining, 
transIucGnt octahodroiis. 

Carbonates. — Carbonate of magnesia. Carbonate of iron. Cai-- 
bonate of nianganose, Carbonate of cobalt. Carbonate ol' nickel- 
Carbonate of zinc. Malachite, or carbonate of copper. 

Sulphates. — Snlphate of baryta, in the primitive form. 

Suiphurete. — K*3algar, in transpai'ont crystals, witli the colours, 
luBtre, and form, as in mineral veins. Snlphuret of antimony, in 
acicular, shining, metallic-looking crystals. Sulphnret of bismuth, 
with similar characters as the preceding. Sulphuret of iron. Sul- 
pburet of manganese. Sulphuret of cobalt. Sulphuret of nickel. 
Snlphuret of zinc, Sulphuret of copper. These last mentioned are 
massive, as is the case with those prepared in our laboratories ; but 
it appears that the hydrosulphuric acid, under certain conditions of 
temperature and pressure, is a solvent of sulphurela, and a general. 
agent of crystalliBation, The properties of this acid expiain the ac- 
cumulation of motallio eulphurets in the deep paits of mineral repo- 
sitories, and of metallic carbonates near their crop or outgoings. 

jirseniosulphurets. — Mispitel in crystals, with the colour, lustre, 
and form of that found in mines. Red arsenical silver, having all 
the characters of the natural mineral. 

AnlimoniosulphareU. — Bed antimonial silver, in large orystals, 

Conclunons. 

I had proposed to establish, upon experimental proofs, the ( 
troverted, and, as I think, very probable opinion, which attributes | 
the filling up of the concretionary veins to inerusting thermal dept^- 
sitiona, and to shew that the formation of a great number of minerals 
which we tliere meet, whether they be crystallised or amorphouB, do 
not always presuppose conditions or agents far removed from the 
actual existing causes. 

We thus, in fact, perceive that the two principal elements of the 
most widely -estendod thermal springs, the sulphurets and the alka- 
line bicarbonates, have sufficed to produce twenty-nine distinct mi- 
neral species, almost all crystallised, belonging to the native metalB,^ 
to the oxides, to the carbonates, to the sulphates, to the sulphurs, 4 
to the oxysulphurets, to the sulpho-arseniates, to the sulpho-antirao-! ■ 
niates, in a word, to all the great families of the chemical compounds^ 
peculiar to concretionary beds, each of which has some representa- W 
tives in niy experiments. 

Means of synthesis equally simple, applicable however to oom- J 
pounds as vai-iable, give certainly a great probability to the speculative 'T 
ideas which have directed me in these researches. It will, moreover, 1 
bo necessary to diversify them to a much greater extent ; and when h 
shall in the same manner have studied the different chemical agents, I 
and the influences of every kind which can modify their effects, weJ 
ahall undoubtedly succeed in de&nraj V\ie ^la'oB.ViVa aoivdkion of thai 
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formation peculiar to eacli claes of inetalliferciuB beds : we might even 
hope, in tfaus tracing to tlieir origiu, step by step, in the ebrig order 
of Bystematio experiments, wo may finally arrive at the crystallised 
toclu which associate themselvee to these beds by methods and phe- 
nomena of continuity which it is impossible to mistake. 

4. On the Artijidol Formation, by the Humid Method, of Corundum 
mnd Hiaspore. By M. H. Db Sanarmont. 

I have recently presented to the Academy experiments upon the 
artificial production, by tho humid method, of many mineral species, 
under the influence of heat combined with strong preseure, and I 
hare sought thus to explain the formation of a particular class of 
metalliferous deposits produced principally by liq^uid agents. 

Other minerals helong to another class of repositories, wherein the 
influence of gaseous agents appears to have predominated, and where 
the water, which has been the chief agent in these phenomena must 
have operated principally in the state of vapour. We must not al- 
ways expect to find between these two kinds of formation a clearly- 
defined line of demarcation. The substances which mineralise the 
thermal springs, perhaps ari.so from great depths beneath, under the 
form of volatile compounds, the hquid and gaseous agents may hare 
combined in very variable proportions, and the phenomena must 
needs have exhibited themselves in many intermediate conditions be- 
tween their two extreme limits. It ia, hesides, very difficult, even in 
a chemical point of view, to conceive a very diflerent mode of action 
from water filling the same spa^e in a liquid state at a very high tem- 
perature, and that saturating it in the state of vapour enormously 
compressed. 

Many mineral compounds then will arise, almost indifferently in 
either of these circumstances, and I now desire to communicate the 
first results of those experiments which I hare undertaken on this 
point, though they are still very incomplete. 

If we heat very strongly a hydrochloric solution existing in an 
osido under the formula of E^ O', or S. O^, the acid even in excess 
becomes free in solution, and the oxide is separated. The complete 
precipitation, moreover, corresponds to a temperature which appears 
to depend upon the state of dilution, and the excess of the acid. 

I have thus obtained anhydrous compounds, and sesquioxides of 
iron and of chron^e, the titanic and stanic acids, pulverulent and 
amorphous, the latter only presenting some indications of crystal- 
lisation. Alumina, on the contrary, crystallises, in suitable circum- 
atanoes, anhydrous in the state of corundum, and hydrated in the 
state of diagpore. 

The corundum obtained by heating an acid solution procured from 
hydrochloric of alumina, at a temperature which must equal that of 
350 degrees, is a white crystallised sand, '».'\\ii;V\ acta\.iiVLes,'i\feewL^\A'^ 
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when campresaed between two polished platea, It. is Insolubie in 
acids, unaltorablu b; heat, and under the RiicroBope it shewe that it 
in composed of very disiinit rhoniboidal crystals almost cubical, gene- 
rally peri'ect, and mure rarely iiiodiRed by truncations on the angles, 
perjectly transparent, and acting i-egularly upon polarized light. 

These rhomboidal crystals are often accompanied by other crystals 
in thin elongated plates. They are, like the corundum, insoluble in 
acids, but are decomposed when heated, and then the alumina is dis- 
solved by sulphuric acid, a singular property, which M. Damcour^ 
has recogmsed in diaspore. In their normal state, they are Era 
rent, act strongly upon polariztd light, and their neutral hnes a 
the one parallel, the other perpendicular, at their gi^test length. 

It is worthy of remark, that the natural dia*pore, almoBt airnxja 
accompanies eoranduin in its various repositories, and this associa- 
tion is one of the geological proofs to which every attempt of arti- 
ficial reproduction which endeavours to imitate the processes of'V 
nature should be subjected. 

The oxides of iron, of chrome, of tin, and of titanium, are preoivj 
pitated too rapidly to assume a regular structure. We can reta 
this separation, by renderiug the liquid extremely acid, but thea Uim 
very much corrodes glass. I am, then, obliged to defer these expe^l 
t'imeiits until I have been able to procure tubes which will be niorfl 
resisting than those generally furnished by C' 



6. On the Ai-tijic-ial Formation), of Minerals b</ Electro-Cher. 
AcHon. By M. BscauERBL. 

In ordimiry chemical operations, when one body is made to act 
upon another, it is customary to powder them, to dissolve them, op 
to bring them into a slate of igneous fusion. It is then almoet im- 
possible to observe the results of slow action, such as nature presents 
so often, and the electrical effects resulting from immediate contact 
which may in certain cases aid in bringing about the former, or 
giving them a greater eni.'rgy. Electro-chemistry, therefore, differs 
from chemistry in employing electricity as a aubsidiary 
exciting affinity, or rendering it more efKuacious, and in its reqnirin| 
the mutual presence of thi'ee bodies, of which one at least must 
in a solid state and another liijuid. Such is the point of view um 
which I have constantly regarded electro-chemistry, which furnishf 
means of analysis and synthesis of which advantage might be taken. 
These researches have moreover the advantage of malcing know: 
the necessary conditions under which solutions containing 
more combinations can react upon insoluble compounds with whicb' 
they are in contract. 

The weak actions which have particularly attracted my 
lioa are tJiose which commoTica ah wow n* vVo Ta'iV.ii,\i\e 



01 I 
m. ' 




Formation of Minerals by Electro-Chemical Action. 331 

and other Bubstacces whicli occupy veina and beda, come in contact 
witb. the mineral waters which rise from all parte of the earth's in- 
terior. Time then becomes an element in the growth of the crystal- 
line substances formed, an element which enters indefinitely into all 
natural jihenomena, but which we can employ only within certain 
limits, sufficient, however, to obtain marked effects, as is shewn by 
the results obtained during the period which has elapsed since 1046. 
Among the methods adopted in these experiments were the fol- 

Firet Process. — This consisted in making a solution of silica or 
-alumina in caustic potash or soda, react weakly upon a couple, formed 
of a plate of osidiaable iiieta.1, and a copper or platinum wire, round 
which the plate is bent, the whole being contained in a vessel closed 
by a cork, and left to spontaneous action. 

In 1845 an apparatus was arranged, with a plate of amalgamated 
zinc surrounding a copper wire, and a solution of silica in potash, 
m&rking 22° on the areometer •^ water waa decomposed, with evolution 
of hydrogen and formation of oxide of zinc, which disflolvod. A 
fortnight afterwards very small regular octahedral crystals began 
to be perceptible on the zinc plate, the composition of which was 
represented by the formula Zn O, HO. The bulk of these crystals 
increased g['adually, without passing a certain limit, about one 
■ millimetre, on each side. 

In operating with alkaline solutions, more or less concentrated, it 
was observed that the crystals were larger and better defined when 
the strength was not beyond 20° or 25°. Other ari'angements 
were made in 1846, by substituting for the zinc-oopper couple a 
lead-copper one, and employing an alkaline solution of 25° ; the lead 
was slowly attacked, the protoside formed dissolTing, and after sa- 
turation was deposited upon the surface of the plate of lead in 
anhydrous crystals. (Pb O.j 

These crystals, some of which measured several millimetres, were 
transparent, of a darkish green colour, and gave on trituration a 
yellowish powder. They were so grown together that only parlB of 
their extremities were visible. Other reasons make it probable that 
the crystals are derivatlTes of a right rhombic prism. 

Second Process. — Sulphuret of lead or galena (Pb S) was made 
to act upon a saturated solution of sulphate of copper and of chloride 
of sodium, diluted with an equal volume of distilled water with a 
view of obtaining compounds of lead, having analogues in nature. 

In May 1845 I made several arrangements of galena and the 
mixture of chloride of sodium and sulphate of copper, which were 
left to themselves until the present time. The following are the 
products which have been formed, either upon the pieces of galena, 
or the bottom or partitions of the vessels : — 

1. Chloride of sodium in cubes, cubic octahedrons, and even octa- 
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liedroHB having great trans paroncj, very duiinite farm, and from 
several niillimotres to uoe centimetre in length. 

2. Chloride of lead, in needles and cubos, siiglitly yellowish, 
very perfect form, 

3. Sulphate of lead, in ouneiform octahedrons, much modified, 
precisely reaerabling in form the crystallised sulphate of lead 
Anglesoa. 

4. Chloro sulphate in needles. 

5. Basic chloride, in microscopic crystals, diaseminated here and 
there throughout the whole product. 

6. Sulphuret of copper, black, without any appearance of orystal- 
lieation. 

The whole of those substances covering the piece of galena gave it 
the appearance of a specimen from a mineral vein. 

In some of the vessels there were formed only chloride and chlo- 
rosulphate of lead, in others chloride and sulphate, which depended 
no doubt upon the proportions of the sulphate of copper and of 
chloride of sodium, and the density of the solutions. A Voltaic 
couple, formed of a piece of galena, surrounded by a plantinum wire, 
placed in a saturated solution of common salt and eulphate of copper, 
diluted with three volumes of water, give rise to the formation of & 
considorable quantity of crystallised chloride of lead in cubes, with- 
out any other product; they were similarly deposited, though a little.' 
larger, upon a fragment ul' malachite which was placed in the 

There is no evidence in opposition to the opinion that thesi 
actions take placu in nature. In fact, the pluvial waters whioh 
reach the mineral masses and veins, formed of metallic combinations, 
become charged with chloride of sodium and sulphate of coppi 
arising from the decomposition of the cupreous pyrites ; the resultinj^ 
solutions, once in contact with the galena, react upon it weakly, and'l 
give rise to the various compounds described above. 

Two other compounds have been obtained, Pb 0, CO' and Ca 0, 
CO*, by the following processes; — Into a saturated solution of carbo- 
nate of soda and carbonate of copper was introduced a plate of lead, 
4 centimes by 2, surrounded by a platinum wire, the whole placed 
in a glass vessel imperfectly olosed, and left to spontaneous action for 
seven years. The lead gradually oxidised at the expense of the at- 
mosphere ; tlie oxide formed, slightly soluble in water, reacted upon 
the carbonate of copper, whence resulted hydrated oside of copper and 
carbonate of load (Pb O, CO*). This was in very small crystals, 
covering the plate of lead, and their form appeared the same as the 
natural carbonate. The carbonate of lime was obtained by effecting^ ■ ■■ 
the decomposition of the sulphate of that base, a salt slightly Bolul ' 
in water, and naturally abundant, by a solution of bicarbonate 
soda, a compound found in several mineral waters. A plate of Mont- 
niartre gypsum was introdnceil into t^ie ?tt\M\,w"c\ (ja.\,Mi;a.yi4 
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of the lattei' salt ; it soon lost its vitreuus brilliancy, : 
vith sraalt rhombohedroDB of carbonate of lime. At tbo moment ol' 
ontact, the gypauin dissolved, and reacted immediately upon the 
licarbonate of soda. There was a separation of carbonic acid, which 
partly remained in the solution, on account of imperfect closeness of 
the yessel, Tho formation of sulphate of soda and carbonate of 
Ume, in such a way that the plates which successirely separated from 
the gypsum were formed of small attaohed rhombohcdrona, cannot 
bo supposed as solely owing to a double decomposition. It is pro- 
bable that the dissolving action of the carbonic acid plays a part in 
the phenomenon. Those effects always present tJiomselves with weak 
olutions of bicarbonate. 

These facts prove two principles, by the aid of which a certain 
number of insoluble crystalline compounds may be produced similar 
to the natural ones. The first consists in slowly oxidising a body in 
a solution of substances, upon which the oxide formed reacts, and 
Hrhenco result oxides and various crystallised insoluble compounds. 
The second relates to the feeble reaetions which take place when a 
slightly soluble body is placed in contact with a solution containing 
Beveral compounds, giving rise to double decomposition, in which case 
insoluble compounds are formed, which crystallise. — (Comptea Reit- 
dvt, Feb. 1852 ; Philosophical Magazine, vol. iii., No. 17, *th 
Series, p. 236.) 



The Ocean. 

'■' As we descend towai-da the preaent state of things, and 
lands and soas approximate to their existing relatioDB, 
the geographic data become more certain. One side of 
the globe has, we find, its vanishing continent, the other 
its disappearing ocean. The northern portion of our own 
country presents almost the identical outline which the mo- 
dem geogi-apher transfers to hia atlas, save that there is 
here and there a narrow selvage clipped off and given to the 
Bea, and that while the loftier headlands proti'ude as far as 
now into the ocean, the friths and bays sweep further in- 
land ; but in the southern part of the island the map is 
greatly different ; a broad channel sweeps outwards through 
the middle of the land; and the highlands of Wales, south 
and north, exist as a detached bold-featured island, placed 
half-way between the coasts of England and Ireland. I found 
it exceedingly pleasant to lie th\s day on Wit ^^AV, ^isw. 
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sward, and look down through the halt-«hut eye, as tin 
clouds sailed slowly athwart the landscape, on an appari- 
tion of this departed sea, now in sunshine, now in shadovr. 
Adventurous keel had never ploughed it, nor had human 
dwelling arisen on its shores ; but I could see, amid its deep ^ 
blue, as the light flashed out amain, the white gleam of wings 
around the dark tumbling of the whale and the grampus ; 
and now, as the shadows rested on it dim and sombre, a huge 
shoal of ice-floes came drifting drearily from the north, the 
snow-laden rack brushing their fractured summits, and the 
stormy billows chafing angrily below. 

" Was it the sound of the distant surf that was in mine eai 
or the low moan of the breeze, as it crept through the neigh- 
bouring wood? 0, that hoarse voice of ocean, never silei 
since time first began, where has it not been uttered ! Thei 
is stillness amid the calm of the arid rainless desert, whi 
no spring rises and no streamlet flows, and the long caravi 
plies its weary march, amid the blinding glare of the sandj^ 
and the red unshaded rnys of the fierce sun. But once an* 
again, and yet again, has the roar of ocean been there. 
is his sands that the winds heap up ; and it is the skelel 
remains of his vassals — shells and fish, and the atony coral — 
that the rocks underneath enclose. There is silence on the 
tall mountain peak, with its glittering mantle of snow, where 
the panting lungs labour to inhale the thin bleak air, where 
insect murmurs, and no bird flies, and where the eye wandt 
over multitudinous hill-tops that lie far beneath, and 
dark forests that sweep on to tlie distant horizon, and along 
long hollow valleys, where the great rivers begin. And yet 
once and again, and yet again, has the roar of ocean been 
there. The efliigies of his more ancient denizens we find 
sculptured on the crags, where tliey jut from beneath the iee 
into the mist wreath ; and his later beaches, stage beyond 
stage, terrace the descending slopes. Where has the great 
destroyer not been, the devourer of continents, the blue foam- 
ing dragon, whoso vocation it is to eat up the land ? His ice- 
floes have alike furrowed the flat steppes of Siberia and the 
rocky flanks of Schehallion ; and his nummulites and flsh lie 
embedded in great stones of the pyramids, hewn in the timsB 
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On the Structure of Ice. 

of tbe old Pharaohs, and in rocky folds of Lebanon still 
untouched by the tool. So long as ocean exists, there must 
be disintegration, dilapidation, change ; and should the time 
ever arrive when the elevatory agencies, motionless and chill, 
^all Bleep within their profound depths, to awaken no more, 
and should the sea still continue to impel its currents and 
to roll its waves, every continent and island would at length 
disappear, and again, as of old, ' when the fountains of the 
great deep were broken up,' 

' A BJiorflesfl ocean tumble ronod the globs.' 

" Was it with reference to this principle so recently recog- 
nised, that we are so expressly told in the Apocalypse re- 
specting the renovated earth, in which the state of things 
shall be fixed and eternal, ' that there shall be no more sea V 
or are we to regard the revelation as tlie mere hieroglyphic, 
tbe pictured shape, of some analogous moral truth \ ' Rea- 
BOning from what we know,'— and what else remains to us X 
— an earth without a sea would be an earth without rain, 
without vegetation, without life, a dead and doleful planet of 
waste places, such as the telescope reveals to UB in the moon- 
And yet the ocean does seem peculiarly a creature of time, — 
of all the great agents of vicissitude and change, the most 
influential and untiring ; and to a state in which there shall 
be no vicissitude and no change, — in which the earthquakes 
shall not heave from beneath, nor the mountains wear down 
and the continents melt away — it seems inevitably neoeaaary 
that there should be ' no mure sea.' 

" But, carried away by the speculation, I lag in my geolo- 
gical survey." 

So writes a remarkable man, the eloquent HcUH Milleb, 
in his " First Impressions of England and its People." 



1. On the Structure of Ice. 2. Bapid Evaporation of SnoTP 
and Ice. 3. Drt/ness of Arctic Air. 

1. Structure of Ice. 

With regard to the progress of the seasons, the " Indian 

summer," as it ia called, brought ua three weeks of fine 

weather after our arrival in September, The centre of Beai- 



S36 Off the Structwe of /«. 

Lake usually remaiiiB open till late in December, but by the 
middle of October the bays and straits are t'rosen across, 
As the structure of ice has of late years attracted the atten- 
tion of speculative geolo^sts, principally in connection with 
the- movements of glaciers, I am induced to mention here b , 
few facts which intnided themselves on my observation dur- 
ing my residences in the fur countries. 

The first step in the freezing of rivers in this rigorous cli- 
mate, after the water has been cooled down to 32" by a suc- 
cession of cold weather, is the formation of somewhat circu- 
lar plates of ice, six or eight inches in diameter. These 
drift for a time with the current, until they have become 
numerous enough to cover the sui-face of the water, when 
they are aiTested in a nan-ow part of the river, or by any 
slight obstacle, and speedily adhere to each other, after 
which the interstices between the circles fill rapidly with 
crystals that bind all firmly together. The sheet of ice thus 
produced is at first nearly opaque ; but when, in the course 
of a day or two, it has acquired the thickness of a few inches, 
it becomes transparent, and remains bo until a fall of snow 
has obscured the surface. In unsheltered lakes the wind 
drifts the snow to the beach, and would perhaps keep the ice 
clean for great part of the winter, were it not that in certain 
hygroraetric conditions of the atmosphere small starry tufts of 
most beautiful tabular and latticed crystals are deposited at " 
short intervals on the ice, and freeze firmly to it. In a dry I 
atmosphere, these crystals evaporate again, but should a faUV 
take place of the fine dust-like snow, which is the most oom-<-^ 
mon kind in high latitudes, they serve to detain it until Vk\ 
consolidates, so as to i-esist the wind. It is rare, however,! 
for the snow to lie more than a foot deep on any of the latrgei 
lakes, unless where it has drifted under the lee of piled-np J 
slabs of ice, or of rocks, islands, or other shelter. 

During winter, the ice receives an increase of thickneas 
ft-om beneath, and at the same time evaporates above ; the 
latter process going on witli a rapidity that would scarcely 
be credible to one ignorant of the extreme dryness of the air 
in an arctic winter. The ice acquires a thickness of from 4 to 
8 feet, according to the severity of the season, the depth of 
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the lake, uiid otliei- mcKlifying (.■ircumataMceB; jinJ I desire 
bere to advert especially to the fact, tliat iiltliough it i» con- 
Bti>acted of successive horizoutul additions btmeath, when it 
mvB in spring it consists of vertical prisms, penetrating 
whole thickness, and standing side by side, like the 
columns of a basaltac cliff ; which, in their mode of forma- 
!Kon, have, I imagine, a close analogy. Dr Slagintweit in- 
formed me, that neither the ice nor the basalt forms exact 
prisms, the angles never having the precise measurements of 
crystals. In this condition, the ice may be strong 
enough to support a considerable weight ; and I have travel- 
led over it with a large party on several occasions, when 
the prisms on which the foot rested were depressed at every 
Btep. and a pointed stick could be driven through the whole 
^icbness into the water beneath, with as much ease a» 
into a bank of snow, Tlie ice then, in fact, presents the 
physical characters of a semifluid mass, as pointed out by 
Professor Forbes, its parts being moveable on each other, 
tot only vertically, but, as in the case of travelling glaciers, 

apable of gliding past one another horizontally. 

In spring, when the action of the sun-light is very power- 
fiil, sn incipient thaw takes place at mid-day on the surface 
of the snow, which, on freezing again, acquires a glassy 

crust. As the season advances, but while the temperature 
«f the air is still even at noon far below the freezing point, 
the crust in clear weather becomes penetrated in the direc- 
tion in which it is struck by the sun's rays at mid-day by 
innumerable canals, and hually crumbles into a granular 
mass like the firn of the high Switz glaciers, that crackles 
under the feet as soon as the sun sinks towards the horizon. 
iThis firn is not universal ; it is more common within the 
Arctic circle, and in situations where tliere seems to have 
.been originally a certain looseness in the texture of the snow, 
3 where its surface is so much inclined that the sun's rays 

lo not fall on it obliquely about noon. I did not notice it in 

ttiy quantity on the level surface of a lake- 

2. Rapid Evaporation of Snow and Ice. 
The I'opid evaporation of snow and ice in the winter and 
^1,. i,[i. so. i-'iv. — Ariirr, 1852. y 
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spring, long beCure tlm actiou of the (iun has produced th< 
slightest thaw or appearance of moisture, is made evideut to 
residents in the high latitudes by many facta of daily occur- 
rence ; and I may mention that the drying of linen furnishes 
a familiar one. When a shirt, after being washed, is ex-, 
posed in the open air to a temperatnre of 40' or 50° beloi* 
zero, it is instantly rigidly frozen, and may be bi-oken if vio- 
lently bent. If agitated wlien in this condition by a strong 
wind, it mak.es a rustling noise lilie theatrical thunder. In 
an hour or two, however, or nearly as quickly as it would do 
if exposed to the sun in the moist climate of England, it dries 
and becomes limber. 

Ml- Rae mentioned to me another example of the same 
fact, which bears on the transportation of boulders, and may 
interest geologists. During his memorable residence on the 
shores of Repulse Bay, he noticed several large bouldera 
which were partially exposed at low water. When the 8e» 
fi'oze they became engorged in the ice, and were lifted with 
it from the bottom by the flood-tides. The ice gaining at 
each tide in thickness beneath and losing above by superficial 
evaporation, the boulders in process of time came to rest ia 
pits on its surface. ^M 

3. Dri/ness of Arctic Jir. fl 

In consequence of the extreme dryness of the atmosphere 
in ivinter, most articles of English manufacture made of 
wood, horn, or ivory, brought to Rupert's Land, are shrivel- 
led, bent, and broken. The handles of razors and knives, 
combs, ivory scales, and various other things kept in the 
warm rooms, are damaged in this way. The human body 
also becomes visibly electric from the dryness of the skin. 
One cold night I rose from my bed, and, having lighted a 
lantern, I was going out to observe the thermometer, with 
no other clothing than my flannel night-dress, when, on ap- 
proaching my hand to the iron latch of the door, a di&tinct 
spark was elicited. Friction of the skin at almost all times in 
winter produced the electric odour. — (Journal of a j8«i 
Vot/affe through liuperCs Land and the Arctic Sea. By i. 
John liichardson^ 



yoleanaes in the Bay uf Bengal, iu. Bj Di-EuiST of Boiiibuy, 
Communicated by tlie Author. 
" One of the moBt terribly active groups of Volcanoes," 
says Mra Somerville, begitm with the Banda group of IslandB, 
and extends through the Sunda group of Timor, Sumbaya, 
Ballt, Java, and Sumatra, separated only by narrow ehannels, 
and altogether forming a gently-curved line 2000 miles long ; 
but as the volcanic eoiie is continued through Barren Island 
and Neercondam in the Bay of Bengal (lat. 12" 15'), and 
northward along the entire coast of Arracan, the entire length 
of the volcanic range is a great deal more." * The band is 
not, aa will be seen presently, limited to Arracan, but ex- 
tends northward to Chittagong, lat. 22', or (500 miles beyond 
Barren Island. The first description we possess of the vol- 
cano in question, is that of Lieut, Colebrook,t who visited it 
in 1787, when it was in a state of violent activity ; he does 
not seem to have landed on it, and he quotes entire the ac- 
count of it given by Captain Blair in his survey of the Anda- 
man Islands. The cone, which springs from near the level of 
the sea, rising at an average of 32°, 17', to 1800J feet nearly. 
Mr Lyell gives the following account of it ; he does not 
quote his authority. " Barren Island, in the Bay of Bengal, 
is proposed as an illustration of the same phenomena (that 
of ancient craters of elevation, as contrasted with modem 
craters of eruption,) and here it is said we have the advan- 
tage of being able to contrast the ancient crater of elevation 
with the cone and crater of eruption, and its centre. When 
seen from the ocean, this island presents on almost all sides 
a surface of bare rocks, which rise up with a moderate decli- 
vity towards the interior : but at one point there is a narrow 
cleft, by which we can penetrate into the centre, and there 
discover that it is occupied by a great circular basin, filled 
by the waters of the sea, bounded all round by steep rocks, 
in the midst of which rises a volcanic cone, very frequently 

' * Physical Geography, vol. i,, p. 257. 
t AiUtic RpsearahBB, vol. UL, p, 396. 
X Lntsr nuthorities make SOO feet, and tht? ix prabubl; its true aUitude. 
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ill eruption; Tlie suniniit oC tbis coiio is ItiOO French feey 
in lieight, corresponding to that of the circular border whid 
encircles tbe basin, ao tliat it can only be seen from the »«( 
through the ravines." * 

Barren Island was visited by Dr John Adam in 183U 
The water close in-shore was then hot and steamy, wbilfl 
steam and smoke issued from the tlrater, but no lava or flani?-. 
He estimates the diameter of the base at about 800 or lOOO 
yards, and the orifice of tbe crater, which occupies tbe entire 
summit of the cone, at about 304 The latest descriptioi 
that has been published of Barren Island is that of Captaiij 
Miller, who visited it in I843.| His account of it ia th<^ 
same in ita-general features as that of Lyell, but be estimate 
the altitude of tbe cone at no higher than 500 feet; 
considering the limited distance to which it is visible at 8ea(,l 
this seems to be more correct than tbe other estimates, 
sets down the slope of the cone at 45, which wonld give an 
altitude of about 1000 feet, were Br Adam correct as to the. j 
diamater of the base. Di* Adam states that it could only b 
ascended by climbing ; and it is probable that Captain Blair'i 
assumptionof 32^17', as tbe acclivity which was determined byl 
nieasui-ement, may be near the truth, and tliis would bring 
us back to Captain Miller's view of tbe altitude. The volcano, 
like the others along tbe bay, is chiefly active during the 
south-west monsoon. 

Next to Barren Island is the vulcanic Island of Naroau^ 
dum, lat. 13° 22'. The cone is about 800 feet high; 
soundings are to be bad within half a mile of tbe shore.} 
Crossing over to the other side of the bay, where perfect traa- J 
quillity seems for nearly a century to have reigned, we find j 
period when the Coromandel Coast was as much moved bj| 
volcanic agency as that of Arracan itself- 

The earliest account we possess of any actual eruption \l 



* J'rinciples of Gtolngy, 1830, vol. i., p. 390. 
Csptaln BUir'eeBtimMeof leOOfeot. It ia a]jset, 
MiUer. Dr Adnmn, mid othere, who gave it at 500. 

t Bengal Asiade Transftttlons, 183a, vqI. i. 

i t'oleutta Journal of N&turiLl Uistury, 1843, v. 
,« Heport ofCaloiitla CQa\ t^ummUU.e.Wa?. 
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1 the Bay of Sengal. 

tlie Bay of Bengal is that t;ontamed in the first voliiine uf the 
Annual Re^'iater, 1776, reprinted in the Bengal Asiatic Trana- 
actions of 1847.* It waa written by an officer on board a 
French Eaat Indiaman, and addressed to his friend at the 
Hague ; there aeema no reaaon to queation its perfect ac- 
euracy. In July 1757, fires were aeen from Pondicherry to 
break out on the aurface of the sea three av four leagues 
from shore ; these blazed out with tlie greatest fury, throwin:: 
up pumice stone and combustible matter. This was aocom- 
polled by a noise like thunder, or the discharge of heavy 
ordnance. An island, a league in length and about the same 
in. breadth, with a cone and erat«r in the centre, then ap- 
peared. A vast quantity of dead fish were afterwards seen 
fioating on the surface of the water, destroyed by the erup- 
tion. The sea was some days afterwarfls so covered with 
pumice stone that vessels found it difficult to make their way 
through it, while they ran the risk of being burnt from the 
showers of hot ashes with which the air was darkened. The 
Island seems speedily to have subsided again, as we hear no 
further mention made of it. A shoal called the Goris Bank, 
was aeen by H.M.S. Melville, In a line joining Pondicherrj-f 
and Chittagong, and a shoal is noted on an old chart as 
having been met in with by an American ship in the line 
betwixt Pondicherry and Cheduba ; both these have since 
then diaappeared. Mr Piddington remarka that the middle 
of laat century was the great epoch of earthquakes all over 
the world. 

In 1750, Chili was visited by an earthquake, by which the 
town of Conception was destroyed ; the sea rolled over it, 
and the entire port from thenceforth became uaeleas. The 
whole shore seema to have sustained an upheaval of about 
24 feet, and sheila similar to those found in the adjoining 

* Bengal Asiatic TraDsautiDns, 1817, vol, xvi., p. 499. Reporta andAaiatJc 
Besearches, vol. i., p. ITS. The papers uf the Hengal Asiatic Society nrfl in- 
dexed : tlie vast nmoant of most valuable information contained in tile Reports 
can only be found by reading tbBm throngb. Tliia ie Cbe csbs with Deafly the 
whole of tbat iplating lo voluanic phenonirna. 

t Abi-ldgi.d from the RemarkB of Mr I'iddinglori on th« sul.jiiOt if the eruji. 
tion. BenL-nl AbwUc Tranaactiona, iK ™j'. 
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seas are now abumlant on mountains above 1000 feet high-' 
On tlie 15tb September 1751, the capital of St Domingo 
destroyed by an earthquake, and part of the coast, 20 leagues 
in length, sunk down, and baa ever since formed a bay of 
tbe sea. The Lisbon earthquake, one of the most fearful on 
record, occurred in November 1755 ; and in 1757 the Azores 
were struck with an eart.hcjuake, during which eighteen 
nmall islands arose about 200 yards from the shore : these 
corresponded very closely with the Pondicherrj explosion-t 
The volcanic region in the Bay of Bengal seems about this 
time to have been in a state of general activity. Off t}i*J 
coast of Arracan, lies an island called Gheduba, 15 miles 
length, and 17 in breadth, or of about 200 square milea 
area, situated in lat. 18° 50' N., and long. 90° 40" E. Its ge- 
neral appearance is that of a fertile, well-wooded island, of 
moderate height, and irregular outline. A band of level 
land, covered with fragments of coral, shells, and gravel, 
and but a little way elevated above the sea, surrounds it : 
three distinct terraces are visible, the result of so many se- 
parate upheavals.! -m 
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• LycU's Princijilea. vol. i.. p. -140, Ed. 1830. <■ 

t Tbe following extract U from Dr Thomson's paper on tbe Qeologjr of 
Bombn;, Mad. Lit. Tntnt. It hettxa directly on the BubjeoC, uid carrieB ub 
tbree centuries farther bacli ; t have not considered tbe description specific 
enougb far the text, but see no reason la doubt tbs autbentlcitj of tbe fkcti. 
" The idand of Vajpi. on the north Bide of Cochin Ooulh Malabat eaait), rose 
from out the sea in tbe year 1341 ; the date uf its appearance is determined by 
its having given rise to a new era amongst the Hindoos, called I'liduvei*, or 
the new introduction. Contemporaneously with the appearance of ^'aypi, the 
ivaterB, which, during tha rainy season, were discharged from the (iliBUta, 
broke through the banks of the channel which usually conflued them, over- 
whelmed B village, BJid formed a lake and bitTboiir so spacious that light a 
could anchor where dry land formerly prevailed.'^- -fiar10^inio*# FoJ 
Kan /iirfiM. Rome, 1796. n-aiulaiion, 1800, 

X Captain B. Smith, in liietulniirable paper un Indian Earthquakes, 
in 184a, Bl. As. Trans,, vol. xii., gives an account from the " Ctentlemafl 
Ma^Eine,'' of a violent earthquake which occurred at Calculi 
20,000 vessels of various sixes are said to have been destroyed by 
lion which accompanied it, and 300,000 lives ore said to have been 
occasion, So vulcanic phenomena, strictly so-called, seem to have attended U 
It took place duriag a furinuE hurricane. The earliest Indian earthiiuake 
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V'aleanoe* in the Bag of Bengal. 

Tbi-re are t'aur large volcanoes in Cheduba. dttaohed 
moimiia, rather than cones, varying from 100 to 1000 feet 
above the level of the sea. They are composed of stiff gray 
clay, with large quantities of irregular fragments of stone ; 
their sides are much cut up with rain, their summits, which 
are from 50 to 240 yards in diameter, are quite bare." On 
the summits of these are numerous well-formed cones, from 
a few inches to 4 feet in height, and about the same in dia^ 
meter. On the outside they are hard ; within they are filled 
u[> with thick, uniform, well-mixed mud, which every now and 
then runs out at the side, or over the edge, of the crater, 
bubbles of gas rising at intervals of three or four minutes. 
There is no appearance of eruption of lava or acorire. Some 
of the volcanoes throw out hot water in place of mnd ; they 
are most active during the rains, and then occasionally emit 
flame and stones, as well as mud, throwing these to a consi- 
derable height ; the stones are obviously torn from the 
beds through which the water passes ; portions of copper 
occasionally adhered to them. Petroleum wells abound 
here as they do all round the neighbourhood. Captain 
Halsted visited Cheduba in 1841, and bis survey in the Ckildeg 
extended above 100 miles along the shore. The shore is 
marked by three well-defined terraces, or raised beaches, 
covered with coral and sheila, and manifestly the result of 
three distinct upheavals, with considerable intervals, — of just 
a century, the natives believe, — betwixt them. The uppermost 
of these is leas conspicuous and distinct than the two lower, 
but on the western coast a remarkable column of rock stands 
out on the beach, about 40 feet high, with oyster-shells still 
attaching to it, shewing the second line of beach, just 13 
feet above the first. The last of these was said by an old 



May 1618, by which 2000 liies and 60 vee«eU itre said Co have been lost at 
Bnaba;. See Madr. Lit. Trans., 1 S3 7, already quoted from " Sonet's Porta- 
(tUBM) India," tome ill. 

* Abridged from Captain IlaleCed'a Report an tbe lelond of Cheduba. Bl. 
Ab. TranB.. IM\, vdL i., p. 434. Captniii IIiklEtcd gireB maps of the islands of 
Chedaba, and Kegwan, adjoining to it. The latter ie copied into .(obnatan's 
PhyEiical Atlns, Map 3. 



toaa of lOfi. who remenibereJ it when he was a lad of ] 
in have occiiiTed about ihe year 1750.* Mr Hddinf^ 
suggeBt§ that it is not unlikely that it may have 
Himultaneously with the eruption at Pondicherry ii 
iiativeH being proverbially inaccurate aa to dates,— during ti 
general occuirence of violent earthqwafccB, when the i 
washed several times over the lower part of the island, a 
then permanently retired as the land emerged. Captaia 
.Smith thinks it likely to have occurred during the Chitta 
earthquake of 1762, Immense quantities of fish were f 
on the recovered land, and the feasting which occ 
these ia still a favourite tradition in the island ; 
occurred in the earth, and no lives were lost or mist 
occasioned ; for more than half a, century much of the f 
remained salt. The elevation has been greatest tow 
the centre of the line examined, where it ib 22 feet ; 
termination it is 13 ; and at FouU Island 9. Regwan. l 
18" 37' 30," just to the north of Cheduba, ia marked 
three distinct risings.t each about 8 feet; the outer portioi 
of the island was said to have been raised about 1760, mosi 
likely at the same time with the others. The original island 
contains two terraces, about 900 feet high ; the outer margin 
is as yet barren, it consists generally of corals, shells, i 
gravel, the rest is a level plain of rice fields. 

In the adjoining island of Bamree or Rumbree, olf Eyoi 
Phyou, there are same beautiful mud volcaDoes, the cones i 
which are almost all covered with luxuriant casuarina treflj 
the only place where they are found in the neighbourboc 
The craters and expelled matter possesa the same geaei 
eh aracteri sties aa those of Cheduba. J This was first ( 
scribed by Lieutenant Foley, in the 4th volimie of the Asia^ 



* Mrs Somerville, Physicnl Geograplij, vol. i., |J. 257, aptaks of tl 
tlio rniult of gruduttl upheaval, going on within the '.ast lOO years. It ivpp« 
t« have been the resaU of n Buddcn snil inntantHineDae elevabion, occDrring jMI 
a GBnturj ago. Tbcrs 1b no evidence of nny subsequent change of le< 
neeurred within thin period along the shores of the Day of llengal. 

t Mote of Lleuttmant M. Volioli, R.N., to map of Itegwan, Bl. Ab. Tm^ 
Johnston's Thyaical Atlas. 

I Dr Spry, BI. Aa. Trao.H., I8il, vol, i., p. ISJB. 
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Journal. The cones are said by liim to vary from 500 to 1500 
feet, one peak, called Teeka, reaching the altitude of 3000. 
Vapour and flame were aeen to issue from one of the peaks 
^tiring the earthquake of 26th August 1833. 

There are various hot springs at Chiftagong subject to 
leriodical eruptions, and which constantly emit gas and 
Same. In 1843 a cone appeared off False Ii^land, but 
vanished in a few weeks, leaving no traces behind. About 
an hour after sunrise, on the 26th July, the inhabitants of 
Cheduba and Flat Island heard a great noise, and saw fire 
Using out of the sea; an earthquake had been felt just 
before. This continued for some days, when on the 29th a 
Bniall island seemed to arise above the surface of the waters. 
It continued visible for about a month ; but it was now the 
monsoon, and the weather was too boisterous to permit of its 
being approached. In October, on the return of the fine 
Aeason, search was made for it, but no trace of it could be 
found. A careful survey of the spot was afterwards insti- 
tuted by order of government, but no indication of commo- 
tion, and no change in the aspect of the shore or bottom of 
the sea was discoverable.* 

There is a small volcano near Kyouk Phyoo in a constant 
state of activity, and wbicli frequently emits smoke and 
flame. The country, at the distance of four miles from it, was, 
the occasion of the eruption of 1842, brightly illuminated, 
yet BO little was the heat that the specimeua from the crater 
were nowhere melted. 

Within little more than ten years of this, a catastrophe, 
precisely the opposite of that from which Chednba suffered, 
overtook Chittagong. During the great earthquake of April 
1763,t sixty square miles of the low lands along the shore 
were permanently submei^ed, Ces-lung-toom, oneof theMug 



Abridged fVom the report of L'aptain ItiiaBol of the II. C. S. Ganges, who 
sent to eiKDiine the spot. The account of the Eruption ohtainod from the 
tahsbitftnli seemG coDEistent itnd probahle. 

t As already etatefl, CapUin B. Smith, conaidors these evenle to have oc- 
irrea eimultaneously, not, aa stuled above, at the intorvnl of ten jfnrs, Mr 
I^ddinglon assigning them the date of the Fundiehorry rising. 1767, 
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motmlAins. cntireU dis^peared, and another sank so 
that ita samint only remained Ttsible.* Four hills are ^- 
aaibed aa haTiD^ be«a noleotlj reot asimder. leaving open 
chasms, TXrring frvaa 30 to 60 feet in width. Othea- moun- 
tains and hills were Tarioaslr disturbed. — some were piuv 
tially thrown down, so as paHlr to distarb the courses of 
rivers- One eminence became degraded by little and little, 
till it retnrtied to the level of the plain. In the plain the 
earth opened in several places, throwing up mad and water 
of a HilphareoQS smelL At Barcharra 200 lives were lost 
on a track of ground that smih suddenly. It is said that 
Arracan the effects of the earthquake of 1762 were not 
fatal to human life aod property than those of the Lisi 
one in 1755 ; while at Dacca the waters rose so suddenly 
to throw all the boats on shore on its retirement, sweeping 
multitudes of human beings away. From the notices of 
islands on the western shore ot' the Bay of Bengal, now no 
loDger to be found, in the accounts of .;Vrab navigators, there 
can be no doubt whatever that numbers of these have beeo 
from time to time submerged. 

Od 2d January 1845, between the hours of six and seven 
P.M., about an hour after sunset, the people of Kyouk Phyoo, 
on the coast of Airacan, were astonished to see the eastera 
horizon to seaward become brightly illuminated ; it con- 
tinued flickering like the reflection of distant flame from a 
ship on Are for about half an hour, when suddenly immense 
volumes of flame were seen to burst, as if from the depths 
of the ocean, presenting the moat sublime and awful spec- 
tacle to beholders. It was accompanied by a low continuous 
rumbling sound, which seemed to ascend from the bowels of 
the earth, and was re-echoed from the hills around. The 
duration of the exhibition is not mentioned, though it was 
seen by many witnesses ; it seems to have been very tran- 
sient. A vessel was sent out to sea immediately, under the 



* Phil. TrauBnctioDe, Lond. 1763, given entire in l.'aijiuin Smitb't paper i 
.rihqiuiken. Hi. Asiatic Transactions, vol. lit., p. 1017 ; quoted in Report 
111! r>oiiun.lttee. To be eeeu id Che India Review, lB3i), p. Tl. I have intro^l 

irrA (he passage inlo the teM nearly Mnallwrsd. 
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Riipressiou of ita being a confla^ation, but saw nothing. 
Government, on being applied to by the Asiatie Society, in- 
!Stituted a cai'ei'ul survey of the coast, but no change in the 
depth of the soundings or character of the bottom could he 
discovered. There can, at the same time, remain no reason- 
able doubt that the exhibition «fas volcanic, probably a sud- 
den emission of gas through an aperture or crevice not de- 
tected by the sounding- line.* 

The region of recent direct volcanic action seems, so far 
.as VFe at present know, to terminate with the lower extre- 
mity of the Delta of the Ganges ; a few hot springs are all 
we have to indicate the agency of subterranean fire for nearly 
1000 miles across the peninsula. There are hot springs in 
ifae Damoodab Valley, 23° 10' N., in Gangetic India, in 
Kunowar, in the Lower Himalayas, and near Lohuniiund, 
on the Sutlej. The moat notable of these ia that at Sar- 
guDga, near Chota Nagpore, in Central India, where the 
temperature of the water is 184° : it smells strongly, and 
seems to be a Harrowgate.t Dr Vosey describes a hot 
saline spring near Hydrabad, in the Deccan.J In the Con- 
can there are no fewer than twelve hot springs betwixt 
Dasgaum and South Rajpore, and they are supposed to fol- 
low the line of the great Ghaut chain southward to Ceylon ; 
Uie majority occur near the great lines of dislocation. There 
are two hot springs in Xandeish, and several in Kattiawar ; 
And XiOwer Scinde, as we shall presently see, abounds with 
4hem. 

Lake Loonar, on the Siehal Hills, is the only instance of 
a volcanic outburst observable in this immense plutonic re- 
gion. g It is a nearly -circular or oval depression, in a country 



Three aeconnta, by ihrec different parties, difTereotlj situated, of th 
rrenie, are given with great miniiEoDeis in the Reporta i 
«aedlng9 of the Bengal Aelstic Society fur February ]S4fi, pp. xiiv., x: 
Indexed. The best account is that of Lieut. HanhinB. 
t Col. Uuselej, Bl. A*. Trans., vol. ivii., p. 1. 
J Second Report on the Geology of Hydrabad. 

% MalcolmtOD, LondoD Geological Transnctions, 1839. It was first dc 
Vy Tjieut, Alexander, in the Madras Literary TraDsacHnns, subeoquentlj 
Orlebar, in th? Bombay Geographical TrsnuMitions, 
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coinp'jsed entirelj' of tabular and nodular ba»aU. It is 5(K 
feet, in depth, and three or four miles in circumference, 
the bottiim of the hollow is a lake five feet deep, the waters 
of w]iich are impregnated with muriate and sulphate of soda, 
and sulphate of lime. Subcarbonate of soda prevails in the 
neighbourhood. In 1S51, it was examined by Dr Bradley 
who met in witli abundance of scorice in the neighbourhood 
and was able to trace a vast stream of lava to the east and 
westward. The great intervals betwixt the points of vol- 
canic activity in this part of India, even when connected by 
hot springs, prevents them from being associated as groups 
anywhere betwixt Arracan and Cuteh. 

On the 27th May 1846, a hill on the Nerbudda, called 
Dunnh Fhai, or Smoking Mountain, about 500 feet high abovg 
the plain, gave out alarming moans, to the terror of t 
neighbourhood, and then an enormous outburst in it oh 
furred, The appearance this presented, when examino^ 
shortly afterwards by Col. Skene and Lieut. Briggs, 
such as might have been produced by the explosion of | 
mine, making a rent in the hill, from top to bottom, 
thirty feet across and six feet deep. Great trees were upse 
by it, and the rocks rent twenty to thirty feet in pieces, 
if blasted by gunpowder, and thrown to the opposite sid* 
the fissure. The appearance presented in no way resemble 
that of a land-slip, — the bursting force had obviously I 
from the interior. It was not stated that any erupted mati 
hail been thi-own out ; there was no appearance of any v 
canic swells in the neighbourhood, and no tradition of v 
noes ever having existed,* 

In the end of October 1849, something like an ebuU 
tion of pestilential gas, the discharge probably of n f 
rine volcano, occurred off Porebunder, in Kattiiiwar, and v 
manifest for thirty or forty miles out at sea ; the fish we| 
poisoned by it, and for days lay floating in myriads on I 
surface of the water. t 

There is no record of the Cutch volcanoes having ert 



* Bengal Asiatic Traneactioni 
t See KniKirt of ISBInflengal 



■^Hgrnpli i'-al Society. 
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Iteeii in a state of permanent activity, and they seem rathei- 
to have playetl tiie part of spiracles tu the causes of earth- 
quakes, when '■ the earth seemed, with a kind of colic, 
pinched and vexed," and fit of vomiting of lava or of flames. 
On tlie border of tlie chain of mountains, and eighteen miles 
from Luckput, the most westerly town in Gutch, is a hill 
believed by the Hindoos at one time to have been a volcano. 
Jt has long ceased to emit flames or smoke, but is still an 
tibject of worship among the Hindoos.* It does not appear 
ilo exhibit any variety of lava, scoriie, or ashes. A bitumi- 
110US earth, with a strong disagreeable odour, is dug out of 
the side of it, and used as incense in the worship of Assa- 
poora. It is found in small pieces imbedded in the common 
soil, from which it is separated without difficulty. 

On the occun'ence of the great earthquake shock of June 
1819, vast clouds of dust were seen to ascend from almost 
every hill on the range of iiills in Goojerat and Cuteh. Smoke 
was in many cases visible, f and some fire was perceived. 
At a place 26 miles west from Bhooj, fire was seen in con- 
sidei'abte volume to burst forth, a blazing ball was projected 
■into the air, and fell to the ground, where it was broken into 



• M'Murdo'fl Accoont of the Trovinco of Cul«h, lioniliay Lit, Tnmsaclionp, 
il. tf., p. SIO, qnnrto edition. 

t Dr Tiiomaon, in hia Account of ttia Geology of BombBj, published in tbfl 

Literary TranaictloDU for 1837, after deevrlbing the burricaneBDdeftrth- 

which uoourred hU nlong the coast on the 15th and IGth May, ^tlie 26tli 

imd E7th new style, esaetly 200 years to a day before the occurrenpo of aimi- 

H B»el)l« in 18J3) says, " Besides the appearance of a violent commotion in the 

itmoephere, and i perceptible concuesion in tbe eartb, volcunlc action ser.nia to 

flttVB occurred, if we may he allowed to deduce such an inference from the highly- 

l^beUiahed repreaeutatiaus of Cbe historian, of giante eeeu in the air throwing 

gTMt globee of lire at each other ( confusion of human voices in the ntmoKphuri;, 

trampling of horses, and the sound of warlike inatrumenta.'' It ia added 

( much of this nature occatred in SnIecUe and other plaoea. (Bouza'a Por- 

Ueae India, torn, iii.) '■ The metaphorical figurea," concludes Dr Thoiuson, 

" eitprBBaed ia tbe latter part of the deaoription, are strikingly similar to thoee 

iployed by Dion Oaaaiua, In his account of the eruption which destroyed Her- 

laneum and Pompeii, where we are told giants were seen, and the sounds of 

tnimpats heard in the vicinity." There ia ao little appearance of any recent 

VOlCBnic eruption near Bombay, that 1 should be disposed to ascribe the ap- 

irobably in both cnaea, to the meteorological phenomena always 

ident witii eiii'tliiiuukcb and volr.cinic iicltou. 



fonr or fiT« |)i«ces, on which ii bec&iii« extinguishtsj andin-" 
vinble. Xo fngmenta conld be disc«Tered, but the re^retar 
tion w»9 found ocorched where ii fell. On being examined 
next day, the hill was fotmd rent and shattered, aa if some- 
thing within had aonk. Fire to a certain extent was said to 
have isBned (ram a bituroinous fail), from which alum is made, 
near Murr ; the height of the hill was consiJi^red to bare 
been reduced, and it was rent and shattered into ravinea. , 
Near the town of Sinderec. sitoated where a branch vS the J 
Indus joins the fiunn, and which was perroanentlj snbmergod 
on the occasion, a numlter of small cones, six or eight feet 
in height, burst u[i from the eToun<l, and continued formanjF 
days to emit bubbles of air and mud Ironi their summits.* 
The first and greatest shock occurred about seven P.M. on | 
the 16tb June, leaser shocks continued till the 20th, when 
the volcano called Denodar, about 30 miles northwest at \ 
Bhooj, burst into action, and the movements of the e 
immediately stopped.! 

Vestiges of recent outbursts, though of unknown date, 
appear at the village of Wage-ke-Podda. A high table- 
land of moveable matter about two miles square, has been 
blown out into a 6at basin, the sides being broken into fis^ 
Hures, with craters, ravines, and hollows ; and the iuterior of-J 
bed of the basin interspersed with hillocks and cones i 
every variety of colour, black, red, yellow, and white, and 
with patches of cinders similar to the refuse of a furnace ; 
the whole looking as freah aa if the igneous agents were still 
in operation. The surface of the table-land immediately aur- J 
rounding the blown-out space, ia covered with burnt iron-" 
stone, similar to septaria, divided into irregular cells. On! 
other parts of the table-land, craters of some 15 or 20 feet 
in depth hiive been blown out; they are composed of the 
materials juat described, and are covered with patches of 
BuIphur.J 

* M'Jdiinlo's account of the Earthqaakos of Western India, 1810. 
Lit. Traoa., vol. iii., p. 105. 

t UsptBiD Baird Smith uq [adiaii Earthquakes. Bl. As. Tn 
The nuUiorit}' on whicb this statement Is mode is not stated. 

; Orant'e Geology ot Uuteh, London ttiHw., 1838, p. 316. 
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The rocks aronnil the Lot spriogs of Peer Mugger, ten 
miles east of Kurraibee, consist of nummulitic limestone, in 
some cases highly crystalliaedj and where the fossils, accordiug 
to Captain Ficary, occasionally are entirely altered. Two 
miles further to the westward, occurs the group of Minora 
Hille, about 800 feet above the sea, and 500 above the plain 
around. On the eastern aide a crater has been blown out ; 
the ruins are scattered around. It is oval in form, about 
150 feet in length, and 50 across. The explosion has burst 
away one of the sides, and blown througli the strata adjoin- 
ing, It seems as if a vast deluge of water had for a abort 
time been discharged from it. There is no tradition* in exist- 
ence regarding it, nor is anything known of the date when 
it was last in commotion. It has clearly been subject to the 
great changes which have taken place around, and it ia pro- 
bable it preceded the deposit of post-pleocene clays found 
at its base,t as these bear no appearance of disturbance, and 
have most likely been deposited by the aea, subsequent to 
the explosion. There are several other craters of lesser size, 
and more imperfect structure round Minora. The rocks at 
the Lukkee Pass hot springs appear to be of exactly the 
same description as those at Peer Muggun— their position 
in all likelihood due to volcanic influence of comparatively 
recent existence. The hot springs of Peer Mnggun attain a 
temperature of from 100 to 150, and yield a very copious 
discharge — the water is perfectly pure, and fertilizes the 



• Captain CarloBB, who gives (1B33) by far the beat iiccoiint of thLt district 
yet publiabed, speaks af " a celebrated hill called Jibcl Puhb, SO miles north- 
weil of the hot apringa, of which wonderful atoriea are related all over the 
country ;'' but he does not tell ds what tbese stories are. Bombay Geographi- 
cal TruisactioDs. 

-f Captain Ficary deacribes the clsya as post-pleocene. Be makee no mention 
of the crater. I visitud it, and took careful drawinga and measuremontB of it 
in March 1850. The highly-cryetalline state of the rock is conapicuous. I 
confbra I mold dieoover no eridence of any diminution of ila foasils around tlie 
springs or near the crater. The rocks which every where aronnd are one miaa 
of sbell and zoophytee, the coralB being often in the most tteautifully perfect etate 
Q*t can be imagined, hare been in some places highly crysUUiaed. the organic 
lemaina being in part obliterated. Tbe crystals are occasioutilly arranged in 
beautiful stur-like formti, like many muiiihera of the zoolit? fiLmll^ , 
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Hoi) around.* One of the tanks contains Dearly 200 crocodile 
There U a spring at nn great distance which affords 1 
deposits of sea salt, 

The next volcanic group to be met with in this directiM 
is that of Hinglay, a series of mud volcanoes very similar in 
point of form to tliose of Cheduba, along the sea-board of 
LuB, and now in great activity. Here there is no appear- 
ance whatevei- of there ever having been any eruption of 
lava. The first of tlK.-»e are called the Koops of Chimdra i 
they are believed to be of Divine origin, and to be poasesj 
of miraculous virtues. 

The extent of this volcanic field has never been predaf 
determined ; it extends some fifty or sixty miles inward, i 
at least three times as much along-shore. 

The band, if band it be, now trends away southerly fi 
lat. 22' to lat. 12° : and next group we meet in with ia thi 
at the mouth and lower part of the Red Sea, con 
with Cape Aden.t and concluding with Gibbel Teir, exteiu 
ing across from the former of these to the Salt Lake Asaa 
inland from Tadjoura — so inland for 100 miles. 

Aden is spoken of by Ai'ab writers as having been in % 
state of activity within the historic period ; and though there 
scarcely seems evidence sufficient of this to he relied on, and 
a considerable presumption to the contrary, it has all tlie 
appearance of great recency. 



(To be a 
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* The hoc spring Ukea ila name from Peer MuKgua, b Mi)h 
whoee shrine is clout by. The coiDciilence of tbe sound with the deal 
given to tlio long-snouted crocodile (muggun) had led to Uie inferenoe t 
was Pear .Mugguii, the Crocadile Eaint. Thp ei'ocodlles in the tank a 
kind called Gavial— thej are preciselj eimilsr to Ihoee of the Nile and Gm; 
—not at all like the muggaa. 

r Sue Dr Bird's Notes to Capt^n Foater'n Account of Cape Aden, B 
Oeographicoi Tranaactions. Iteferced to in Report of tbe Societj fiw H 



On BepliUan Pemaim found in Hie Old Red Sandstone of 
Morayshire. 

1. Notice of the Discovery of Reptilian Foot-tracka and Remains 
in rte Old Red Sandstone of Morayshire. By Captain Lambert 

B&tCKENDEN, F.G.S. 

On the coaat of Morayshire, between tlie villages of CoTesea and 
Burghcad, strata of crystallino sandstone occur in great thickneaa, 
d are regarded as belonginf^ to the upper division of the Old lied 
Devonian formation of Scotland. The only fosBil discoverecl in 
is rock was the imprint of a mass of scales or scutes of a remark- 
ganoid fish, named Stagonolepis, by M. Agassiz, until 1850, 
when the autlior observed on a block of sandstone, in a quarry at 
Gaminlngstone, a distinct series of quadrupedal footprints, traced in 
an uninterrupted succession aciross the slab. The imprints are ihirlj- 
four in number, and the track of the right feet alternates with that 
ii the left. These impressions have a rounded form, and are identical 
tliose which are generally regarded as cheionian footprints by 
^teontologists. In October l-Sdl, from a quarry of sandstone at 
Bpynie Hill, Mr Patrick Duff, of Elgin, obtained a beautiful imprint 
f the skeleton of a four-footed reptilej about five or six inches in 
Kigth, and which that gentleman allowed the author to transmit to 
tr Mantell to describe, as an appendix to the present communication. 
'he author states that, on finding the cheionian foot-tracks in rocks 
Fan age in which no traces of the class Reptilia had previously 
een diKAovered, a strict investigation took place as to whuther the 
mdstone strata, from which t!ie slab was taken, are unquestionably 
Terablo to the Devonian formation, to which they had always been 
ipposed, by Mr Hugh Miller and other competent observers, to be- 
ng. The discovery of the reptile at Spynie dispelled all doubt on this 
J^nt ; for the beds of Cummingstone and Spynie are identical, and, 
bt the latter place, are capped by the chorty limestone peculiar to 
tijo upper division of the old red of the district. The Stagonol^is, 
i&und in the same rocks, is emphaticaUj an old red sandstone family 
of fishes, and confirms the above inferences. The author concludes 
-irith tlie remark that, by the discovery of the cheionian footsteps and 
the reptile of Spynie, we have thus for tlto first time obtained un- 
questionable evidence that two orders of the class Reptilia existed 
during the Devonian epoch. 

■i. On the Teterpeton Elginensc, a Fostil Reptile discovered in 
ike Old Red Sandstone of Moray. By Mr Patrick Dvib ; ami! 
on supposed Fossil Ova of Batrachiann in the lower Devoiiian 
Shales of Forfarshire. By Dr Mantell, LL.D, F.R.S.. &c. 

The reptile from Spynie, referred to by Captain Brickenden in 
the foregoing paper, consists of the impteasion of U\6 staliAiyft, vo. ^ 
VOL. Ul. SO. CIV. — APKll. 1852. 1. 
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block of maAMme, trhicb U brDken tBrto three pieces. TIm ctwubb 
tt but obKurel; Men. Of the rest of ibe tkekton aeacedj aa sum 
of the OBMOoa subaanea renuios. The impreKion of the spinki 
eolunn from the oodpot to the pdTn.eoouitaig of twcBtf-JMirTer- 
lobne, oacfa ■upporting a pair of ideoder ribo, of the left hninenis, 
radius, and uln», of the fenwcal and leg bonec, *i the pdrrs, and of 
a con«iderai)lu portioD of the cuid^ nriee nt rertebrK, Eerro b> cosfey 
« g«rientl i<Iea of die form andstmctareof theongiaal, Tbeautbor 
ga*e & description of its uutomical cbaractcn, ao fitf as thej can be 
Hoortainod from the imperfect state of the tftamnta, axA the result 
of aconiparisoii with recent forma. He ipeciftes certain oeteologteai 
diaractera which are Larertian, and others that are Sutraeiian ,- and 
he concludes that the ordinal was a peculiar tjrpe, vhich, in the 
pretent state of our knowledge, it would be rash to pronounce to be- 
long to either order ; and he diEtingoisbes it b; a name simply ex- 
pressive of ita high antiquity — TeUrpeton (ni>j i»nTE>), with the 
specific term Eiyineme, to denote the locaUty in which it was dis- 
corc-red. The original was an air-breathing, oriparooH quadruped, 
probably resembling in appearance an aquatic salamander, but with 
longer liuibm aiid a wider dorsal region than our Tritons, and capable 
of rapid progression on land and in the water. In eonnection with 
tlie abova diBCOTsries, the author states that the Devonian sfaalee of 
Forfarthlrc abound with clusters of small, round, carbouaceoas 
which are commonly associated with aquatic plants. Thme fo 
have been figured and described as being probably ova of gaster 
doUB niolluEus, although neither shells nor casts of shells of any kii 
have been i'ound in the strata. The discorery of reptiles in the upper 
member of the Old Red of Scotland led Dr Mantell to recur to aji 
idea he formerly entertained, that the yorfarshire fossils were the 
spawn of BatrachianB of the femily Ranidte ; and upon comparing 
them with a mass of rarbonized recent frogs' eggs, the reseniblancu 
was found to be so uoniplete as to induce him to conclude that the 
fosail eggs are referable to reptiles and not to molluscs. In couoli 
sion, the author dwells on the importance of the researches of " 
tain Brickenden and Mr Duff in a palteonto logical pouit of riew ; 
they establish the existence during the Devonian or Old Bed e[ 
of several oi'ders of a higher class of vertebrate animals than had pre* 
Tiously been discovered ; whila the occurrence of Eati'achian ova with 
aquatic plants, associated with remains of ganoid fishes, which, for 
aught that is known to the contrary, may have been inhabitants 
fresh water, like the existing Lepidostei, together with the enti 
abaenoe of marine organisms, suggests the probability that the " 
Tonion strata thus characterised, may be of fiuviatile origin. 
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The Silurian System. 

As we have inserted in this numbei" of the Edinburgh New 
^iloBophical Journal a short account of Professor Sedgwick's 
riew of the Older Falsozoic Kocka of Great Britain, but chiefly 
tiOBe of the Cambrian System, we think it proper to give a 
lace to the following letter, addressed by Sir R. Murchison 
the Literary Gazette of the present date, on the Silurian 
3|yBteui :— 

As the abstract of a memoir by Professor Sedgwick on the Palte- 
OEotc rocks, which appeared in your journal of the 6th, might lead 
ne of your readers to suppose that the Silurian system is a base- 
B fabric which requires reconstruction, I beg permission to state 
fte substance of the reply which I made vivd voce at the rooms of 
die Geological Society, to the points advanced by my old friend, 
*ho has become an antagonist' — ^the only one, however, I am ac- 
[tiainted with — to views which are. I trust, firmly established. 

Invested of numerous local names, the proposition now brought 
^rward (suventeen years after the promulgation of the Silurian no- 
leoclature)* is, that a very large portion of the lower Silurian 
lodes described by me as the ' Llandeilo' formation, be transferred 
o-cafled ' Cambrian rocks.' On my part, I contend that 
jeologtsts must adhere to my nomenclature, founded on data which 
lave proved to be true — a nomenclature that has been generally 
adopted at home and abroad, 

The few arguments required to sustain this position will be in- 
elligible to every one. Let those who wish to comprehend what 
' B Silurian system is considered to be by leading geologists, repair 
o the great and instructive geological museum in Jemiyn Street. 
fhera they will see that all the inferior slates and limestones of 
Iforth Wales which contain fossils are named Lower Silurian, They 
HIl also see that in the coloured maps and sections illustrative of 
Swth Wales, Lower Silurian rocks are represented to extend nearly 
r that region ; the only strata to which the term Cambrian is 
Ipplied, being certain masses of itnfossiliferous grejwacke, which, 
WA my Longmjnd in Shropshire, rise from beneath the lowest fos- 
)U-bearing I'ocks. Why, then, did Sir Henry De la Beche, and 
'i followers in the field, llamsay, Aveliue, Selwyn, and others, 
idopt this classification ? and why has it been confirmed by Edward 
Forbes, Fliiilips, Salter, and the palaeontologists of the Survey ? 
Simply, that after a long and careful scrutiny these observers have 

Thelarga work really 
tlie titio ^AgB. 
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satisfied themselves that the regiun uslled Canibria, at a time, 
will be recullected, when none of iig fossils were described, is m 
up of the Kanie strnta, and contains the same organic reuia.ii]»i, as 
lowei" Silurian rocks, whose contents were HO long ago described 
mjself. Inquiries and rei^eaiclies in various pans of Europe, 
which I have taken part, and in America and other countries, faara< 
been followed by similai* results ; and as the lower Siluriaa typei 
of life have ererjwhei'e pi'oved to be the oldest, the term Cambrian 
has never ytt been applied to strata characterised by any group 
animals peculiar to them. 

The adoption of the proposal of Prufessor Bedgwiek would, 
truth, deiitroy the Silurian iijstem of rocks. For whilst he leal 
me the Caradoc sandstone, he would cut away from it the next 
derlying formation, or my own Llandtilo flags ; though it 
to every one who has workud in these priineval roubs, that many 
the same epcaes of shells and triltibitet eliaracferise both theCai 
and Llu^eilo formations. How, then, is the geologist to draw any 
line of separation through the middle of a group, the members of 
whii:h are thus naturally united F IIow call one part of it Slluriai 
and another Cambrian ? How, indeed, break up a natural system, 
life in which a great number of fossils are found to be common 
its upper and lower divisions ? 

That the Silurian baiju-line, on wLicIi Frofesgor Sedgwick lays 
much stress, was inaccurately defined in many parts wlien my labours 
in Siluria terminated, is very true ; bat it was essentially oorreet in 
Shropshire, and all that might lie beneath it was left to himself to 
determine. The chief phenomena I destiribed in Siluria, after 
years of labour, have stood the test of time ; and a companion 
friendship I shall never ceasie to value, must not lay to my door 
loss of a Cambrian kingdom, in the occupation of which I had] 
share. Its invaders have been the geological surveyors, who li 
rally could not do otherwise than interpret a region (the foSEil 
tents of which had never been delineated) except by comparing^ 
with tracts long well known, through my detailed descriptions of '" 
rocks and fossils. Tliese surveyors have shewn, that the very 
which in Shropshire and Montgomeryshire 1 described aa lower Si 
rian, to the west of my " Cambrian" Longmynd, roll over in grei1 
undulations to Snowdon itself. Hence it is now useless to refer bacl 
to the inaccurate portion of a line of boundary on my old map, which 
is little more than a denial-cation between my own hunting-grounfe_ 
and those of my friend. Cambria was, indeed, his own country, 
wliich, amid grand contortions of the rocks, he had ably 
many physical difficulties besides those of slaty cleavage : and I 
spected tills temtory, in the full persuasion that Its strata would p( 
to be of hi;;lier antiquity than my own, and, if so, that their 
woTild be distinct. The appeal to nature by our associates has 
cided otherwise. 
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The Silurian St/nlem. 

When we taku leave of Wales, where the tombs of primeval life 
B obscured by imniorous slieetB of porphyry and other igneous rooka, 
iw cleai'ly do we read in the book of nature, opened out in the north of 
ontinental Europe, that Silurian fossils constitute the earliest recog- 
sable creation. This fact I have espkined in the first chapters 
' " Russia and [he Ural Mountains." It is also proved in the works 
' Barrande on Bohemia, Ua!l and other geologists in the "United 
^tes, and in Canada by Logan. In all these countries, as well as 
France and Spain, where they have been analysed l)y De Veroeuil 
id his counti'ynien, or in Portugal, where they have been rt'cognised 
r Daniel Sharpe, the lowest discoverable foGsils have been invariably 
Sentified as Silurian ; whilst Bronn, in Germany, and D'Orbigny, 
': France, have so tabulated them. 
In conclusion, I may remark, that if my friend's suggeEtion were 
ipable of adoption, a result must follow, which even in his zeal to 
animate his Cambrian rocks, he couid not wish to cairj out — viz., 
erasure of the word Silurian tram the geolt^icat maps of the con- 
Enent of Europe, and even from thoiie of Scotland and Ireland ! In 
sost of these regions, wherever Silurian rocks exist, it is their lower 
iart only which prevails ; and hence all such strata may be claimed 
B Cambrian, ou the very same grounds as those which recently in- 
aced Professor Sedgwick to term " Cambrian" a ridge of rocks in 
loutli Cornwall, which, from its well-known imbedded fossils, was 
roDounced by me to be Silurian, in 1^(46. On the same principle, 
he tracts of the north of Ireland, described as Silurian by Portlock, 
lUst now change to " Cambrian;" and even the very Iiish fossils 
illected by Griffith," and named Silurian by that author and M'Coy, 
lust be robaptized. These, and the great mass of the Scottish and 
ontinental rocks of this age, ofiTcr scarcely any representatives of the 
itper Silurian group; and hence, if deprived ol' all lower Silurian 
now wide-spread Silurian system would be ulniost restricted 
> the borders ol^ England and Wales, a part of Cumberland, and the 
land of Gothland. 
As this must inevitably be the issue, if the proposed division of 
IB older British rocks wei-e generally applied, I have been compelled 
I state my objections plainly, and to point out the confusion and 
&Bt changes which must ensue, if a nomenclature be diBturbtd, which, 
iunded on a natural arrangement, has been extended by my oon- 
emporaries to all (quarters of the globe. 

RUDBHICE. ImPEV MURCUlSliN. 

PS. — The following poetical squib from the pen of a mutual 
riend and a profound naturalist, who listened to the recent discus- 
' is subject, at the Geological Society, may prove more offec- 
jvQ than my prose, in sustaining the rights of Silurla and Carac- 
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Seienlifie InteOigemce. 

" Silurian beds we in injri«d» nomber, 
CambriBn gtrsta ' etat nooiiDiB umbra/ 
8. BBjg M. knows not hii beda when hes gol em. 
That bis «;stcm is base, and hii bate fau no botli>m ; 
WhilitU.maket appeal to the aenw of mankiad. 
Wbether be sboold be stifled, 'cause S. lagg'd behind " 



SCIENTIFTC INTELLIGENCE, 

METEOROLOGY. 
1. Fitie Hundred Persons dcstroj/ed 6y a ffafsr- Spout.— On 

Saturday intelligence was received at Lloyd's, under date Malu, 
Monday, the 8th instant, of a most awful occurrence at tbe island 
of Sicily, which had been swept by two enormouG water-spouts, ac- 
companied by a terrific hurricane. Those who witnessed the phe- 
Domena describe the water-spouta as two immense bodies of water 
reaching from the clouds, their cones nearly touching the earth, and, 
SB far as could be judged, at a quarter-of-a-mile apart, travelling 
with immense velocity. They passed over the island near MaraaU. 
In their progress houses wore unroofed, trees uprooted, men and 
women, horses, cattle, and sheep were raised up, drawn into their 
vertex, and borne on to destruction : during their passage rain 
descended in cataracts, accompanied with hailstones of enormous 
size, and masses of ico. Going over Oa^telamare, near Stabia, it 
desti-oyed half of the town, and washed 200 of the inhabitants into 
the sea, who alt perished. Upwai-dB of 500 persons have been de- 
stroyed by this terrible visitation, and an immense amount of pro- 
perty, the country being laid waste for miles. The shipping in the 
harbour suffered severely, niany vessels being destroyed, and their 
orews drowned. After the occurrence, numbers of dead human bodidV 
were picked up, all frightfully mutilated and swollen. 

GEOLOGY. 

2. Sir Charles Lyell on Progressive Geological Development^^ 
Sir Charles Lyell in a lecturo read at Ipswich a short time ago, < 
Progressive Development, concluded by explaining the theory n ' " 
he hod advocated in his works, in opposition to tliat of progrrasiM 
development. He believed that there had been a constant g"'-" "^ 
and coming in of species, and a continual change going on 
position of land and sea, accompanied by great fluctuation in climat 
that there h.id been a constant adaptation of the vegetable 
mal creations to those new geographical and olimatal conditions. At' 
the present moment we found contemporaneously a mnraupial fauna 
in Australia, and mammalia of a different and higher grade in Asia 
and i'lurope ; we also found birds without mammalia in New Zea> 
land, reptiles without land quadrupeds in the Galapagos Archipelago. 
ant/ iund quadrupeds without rQ^u\os m (ivuetOmwi. lo Uku 
a goologicfiV eras, cuv\.aiiic\o.^sAis,iiMOuB.ii'^iit' 
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iii.ty have pi'edom ilia tad over other vortebrata throughout wide areaa ; 
but tliure is no evidence that the adaptation of the fauna, as a.bove 
explained, had been governed by anj law of progreseiTe develop- 
ment. Id those clasNes of the inverlebrata which were best known, 
and fully represented in a foGsil state at all geological periods, the 
oldest or Silurian fauna was as highly developed as the correspond- 
ing fauna in the recent sesis.' Our ignorance of the inhabitants of 
the ancient lands was the chief cause of our scanty acquaintance 
with the highly- organised beings of remote epochs. — (^Literary 
Gazette, So. 1824, p. 17.) 

3, I>esoT oil the Drift of North America. — The drift is the last 
phase of any importance through which the earth passed before it be- 
came fitted for the habitation of man. Were it not for these deposits, 
a great portion of this continent, including the district emhraced in this 
report, would have been a waste of naked and barren rocks, covered 
partially with heaps of dry sand, or rough detrital materials. Through 
the long -con tinned agency of water, these materials have not only 
been reduced and dispersed, but also mingled in such proportions as 
to alford a most appropriate soil for vegetable and animal life. 
When afterwards the rise of the continent caused tlie waters to 
recede within their present limits, they left behind them those wide 
fli'ift-covered plains, destined to become, in the lajii^e of timo, the 
seat of an industrious, intelligent, and prosperous nation. We think 
elves justiBed in cunsidering the period when the uators, after 
having done their work, began to recede, as the beginning of that 
new and grand era which has been property called the Era of Man, 
and of which the alluvial period is the introduction. — {Anterxean 
Journal of Siietiee and Arts-, vol. xiii., No. 37, 2d Series, 
p. 109.) 

4. Lieut. Charles Henry Davis on the Connection between Tidea 
and Alluvial Deposits. — So long ago as September 1848, he wrote, 
1 have recently arrived at some interesting conclusions concerning 
e connection between the tides and other currents, and the alluvial 
(posits in the depths and on the borders of the ocean ; and my 
views bear out the theory that attributes the principal changes in 
the conditions of the earth's surface to causes now in operation. I 
ble, I believe, to shew a permanent and mutual relation between 
the local and general tides on the one hand, and the eastern border 
6f the United Stafes on the other ; between the shores nf the Gulf 
of Jlexico, and the currents by which they are washed. The sandy 
deposits on the Atlantic border are remarkable in outline as well as 
quantity. A narrow strip on the coasts of Florida and Georgia 
ispreads out into those prominent capes and enormous banks and 
Jihoals which give such a peculiar character to our navigation. On 
Ihe shores of Europe the vast deposits of similar material at the 
>trottom of the Bay of Biscay, and in the North Sea, arc to be traced to 
Uls same laws of tidal action. Tho theory will also account for simi- 
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\&r dopoeits elsewhere, and for bunks and ehuals composed of the 
ooilillind detritua in thu Indian Seas." Since Lliis was writ 
Lieut. Davis has given the Anierican Academy his vieivs ou t 
may be termed Tidal Gnologj, and the conseq^uent Ibvmalioi 
sboals, banks, bars, beaches, noukg, and sea-walls ; and he has 
ceeded in tracing the effects of great uauses through all their mjsts 
riuus phases, with the cautious observation and inductive experiniea 
which science demands. — {^JouTual of the Roi/al Geographical Sa 
ciety of London, vol. sni^ p. icii.) 

5. Different Gneim Formationa. — Many year: 
our Highlands, gneiss associated with conglomerate, and great vuin»' 
of gneiss traversing gneiss. These facts have been vurefied by the- 
discovery of similar phenomena in other countries. In this note wifi 
have only space fur the following. Gneiss is now divided into thft' 
following formations ; 1. Primary gnaUB, that associated with cer- 
tain granites, and forming the fundamental or oldest formation of th< 
crust of the earth ; 2, Trimsition gneiia, that wliich rests upon traifc 
sition rocks, as greywacke, clay-slate, and old red sandstone, &vA 
even alternates with them ; 3. Secondary gnetsi. This formatitnl 
rests upon lias, and is well seen in SwitKerland. We have 
■nation that gneiss has been met in the tertiary class. 

6. Pseudomorphic Nature of Serpentine, — Many years ago Stet 
fens and Jameson noticed the gradual transitions from trap to sei 
pentine, as observed in Germany and Scotland. Very lately tfa 
celebrated George Rose of Berlin has illustrated this important vie' 
in a very interesting manner— (L bow Aotvi and Bronn's Jahrbue^i 
b Heft.lQ6l.) 

7. Cattte of the Thermal Waters in Wtstem Asia-Minor. — ' 
cause of the abundance of wami springs in this quarter of the gh 

in all formations from the alluvial to the oldest rocks, is doubtless 
owing to the extensive igneous action within no great depth beneatli 
the surface of the country ; a fact evinced by the frequency of eailh- 
quakes, but mure especially by their estent ; for they almost inva- 
riably extend from one end of it to the other, as well as to the nc ' 
bo u ring islands. 

Neitber time nor change of government has contributed so n 
to the dei^truction of the hundreds of magnificent cities which 
covered this country, as the desolating influence of the earthqui 
and many are the cities that now exist, which have been prostrat 
over and over again, and rebuilt, each time in diminished splendoi 
until at hist they are httle better than collections uf huts, when 
trasted with their original condition. All the country at the pi 
sent day seems to be as much subject to them as formerly. 

The only part of Western Asia-Minor where phenomena 
strictly analogous to those of active volcanoes, is in the C<t 
metiB or Burnt district, situated in Lydia, about one hundred 
east oi' iSmyrna, Numbers of vulcanic cones exist in the neighbi 
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hood of Koola, uf many of which the craters are quite distinct, 
etipeciall^ the otie called Kaiar Alan, whiuh has a perf'eut crater 
sbuut half a mile in ciL'cumfereuce> and two or three buodred teet 
deep. Tliu extent of this rsgiuii is some twentj' miles long b; eight 
broad. We have tio record of any activity in these Tolcanoex, and 
Strabo desci'ibed them in his day quite as they are now, and the 
Turks give to Satan the full credit of having created such a blenk 
parched-up district. My object at the present time is merely to 
montiun this district, as a full description of it enters into a paper 
on the Earthquakes and Voleanoes of Asia-Minor, that I propose pub' 
lishiiig at some future time ; it is brought forward now merely to 
shew what this voluanic centre has to do with the thermal springs 
just described. — (The Atnei-ican Journal of Scie^ice and ArU, vol. 
xii., No. 36, 2d Series, p. 376.) 

MINEHALOOY. 

8. 2'oMD»aiine, it* different kinds. — Rammelsberg divides the 
mineral named Tourmaline into two groups. \st. The so-called dark 
or black tourmalines, characterised by the absence of lithion, and the 
greater and leaser quantity of iron. 2d, The transparent variously- 
ooloured tourmalines, which always contain lithion, and are sometimes 

These groups fall into the foUowing sub-groups. 

1. Magnesia — Tourmaline — brown, yellow; contain much mag- 
nesia and little iron. 

2. Magnesia — Iron — Tourmaline ; the most frequent, the black ; 
less magnesia and more iron. 

3. Iron — TljurmaZine— maximum of iron ; under the sub-group 
we include the Tourmaline of Sonnenberg near Andreasberg, and 
that of Langenbielau. 

4. Magnesia — Iron — Tourmaline — colours violet blue, green, and 
blue ; contains lithion, manganese, and little iron. 

fi. Manganese — Tourmaline — colour red; contains no iron, 

9. R. Hermann" s Arrangement of Minerals of the Felspar kinds. 

Famtlif of Felspars. 
I. Orthoklaae Group. 

1. Orthoklase, o. Feldstein ; 6. Common Felspar; c. Adularia ; 
d. Glassy Felspar, 

2. Loxoklas. 3, Ryakolito. 

II. AlbUe Group. 
4. Albite. 5. Oligoklas, 6. Andesine. 7. Lepolite 
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* * 

b. Ilyposklerite. 9. Labradui'. 10. i^northite. 

« # # 

Am phodel i t a— Byto wnite — Latro bi te — Indian lie — Liiiseite. 

« « * « 

The following minerals probably belong to tlio Felspar Faniil 
v\x., Saccharite — Barsowice — Couzaranite — Saussurite, — {Bran 
Jahrbuch, 4 He/t, 1851. 

ZOOLOGY. 
10. The Animalg of a Coral Reef, by John M'i</illivray, Esq.~ 
During our stay we were fortunate in having fine weather, light wind 
and low tides, which enabled euch as were inclined to look for she! 
upon the reef, to do so under the most favourable circumstances. Th 
Tiip( is of a great extent, with all the varieties of coral, mud, and sai 
and proved a most productive one. A sketch of the diBtribution of tl 
priucipal of its pi'oductlons may be of interest to some. Many kind 
of lishes, Mui'ena, Diodoi), Balistes, Serranus, &c., are found in 
pools among tha coral blocks ; tlio first of these, of bright eoloi 
variously striped and spotted, resemble water snakes, unJ are exce 
ingly active, gliding through the interstices in tha coral, and hidin 
in its hollows, — tliey bite savagely at a stick presented to them, 
are by no means pleasant neighbours while wading about knee deep 
and with bare arms turning over the coral which they frequent. ~ 
a former occasion 1 had been laid hold of by the thumb, and the woun 
was a long time in healing. Crustacea are also numerous ; blue ai 
green Gonoducti/li leap about with a sharp clicting noiso — legions 
Mycteria aubveriveata traverse the dry sands at low water — and 
the shallow muddy pools, dull green Thalamitce and Lupes swim c 
rapidly, and smooth Calappte seek refuge by burrowing under 

Of mollusca, two species of olive (0. erythrostoma and 0, Zeuoo 
pJifBa) were found on the sandy margin of the islet — several Cerithi 
and Suhidx {S. maculata and 5. occidata) creep along the sand flati 
and, with some fine iVariaB, and a Pyramidelta, may be found b 
tracing the marks of their long burrows. Several Strombi and ^atm 
coronata inhabit the shallow sandy pools ; the egg-shell and man; 
Ci/pneidce occur under coral blocks, which when over sand, often hai 
hour different kinds of cones — of which the handsome C. textile i 
the commonest. A delicate white lima {L.fragilii) is abundant her( 
murrily swimming away in the pool under an upturned stone, ani 
leaving its fringe-like tentacles adhering to the hand whan seized 
Lastly, it would be improper to omit mentioning the very fine oyster 
adhering to the roots of the mangroves. But these are only a BmuJ 
portion of the shell-fish collected here. Amoug radiate animaU 
^dVCi'-tl Ophiures and Ophtocomie and other Asteriadce, with two kjni 
of K--hiniin, are alsn iilentifuX unAcv WicVa vS ctivil {.Ai 
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Meaiidrina) in the pools ; one of the last, remarkable for its very 
long, slender, black spinea, haa the power of giving an exceedingly 
pninful puncture, if carelessly handled — for a few minutes the sensa- 
tion is similar to that caused by the sting of a wasp ; of the others, a 
fine OplUura is remarkable for its great size and grasa-green colour, 
and an Ophioaoma for the prodigious length of its arms. — (Voyage 
of H. M. S. Rattlesnake, vol. i., p. 102. Commanded by the late 
Capt. Owen Stanley. By J. MacgiVivray.) 

11. Cause of the Jet from the Blow-Hotes of WAales. — At a 
meeting of the Boston Suuiety of Natural History, for February, 
Dr Wyman made some remarks on the probable cause of the jet 
Irom the blow-holes of whales. While on a recent visit to Labrador, 
he had an opportunity of observing this phenomenon. Three causes 
for this jet had been assigned, namely, the water taken into the 
mouth with the food of the animal, the water in the na&al cavities, 
and the secretions of the bronchial tubes. As it appears in the form 
of a sudden discharge of vapour, he thought a fourth explanation 
miglit be added, — the sudden rarefaction of thu air when inhaled, 
followed by a sudden condoiisation when emitted. He thought it 
was partly due also to the small quantity of water which entered 
the outer extremity of the nasal passages. He had succeeded in imi- 
tating the appearance in question, by introducing a small quantity 
oi' water into the en 1 of a syringe and suddenly expelling it, with 
the body of air behind it, with considerable force. 

Dr Pickering said he could not think the condensation of the air 
when expelled from the lungs of a whale was a circumstance of much 
importance in forming the jet, as in tropical climates, where this 
could hardly occur, the jet was as complete as in colder latitudes. 

Xtr Wyman said, that in some instances he heard the inspiration 
as well as the expiration of Cetacea, It follows the expiration in- 
stantaneously, but it is much shorter and less audible. 

Mr Ayres, i'rom his own observations, confirmed Dr Wynian's 
views. He had noticed in a young porpoise that the act of breath- 
ing is much more slowly performed than in the adult. — {Ameiican 
Journal of Scienti^ Discovery for 1851, p. 337.) 

BOTANY. 
12. OnthePalode Veins or Candle-Tree (Parmentieraeerelf era. 
Seem.) By M. Bertkold Seemann, — This tree is confined to the 
valley of the Chagres, where it forms entire forests. In entering them, 
B peraon might almost fancy himself transported into a chandler's 
shop. From all the stems and lower branches hang long cylindrioal 
fruits, of a yellow was colour, so much resembling a candle, as to 
have given rise to the popular appellation. The fruit is generally 
from two to three, but not unfreqnently four, feet long, and an inch 
in diameter, The tree itself is about twenty-four feet high, with 
opposite trilohiitcd leaves and large white blossoms, whiaU iv^^sa.'; 
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thraiighuut the jear, but are iti grt-'ateet ubuii(]a.un! during the rainy 1 
seastiii. The Pdo tie Velas helunga to the natural ordar Creaeett- 
tn*cete, ttiid is a Par<nentier<t^ of wbiuli genus, hithorto, only t 
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cijial liarvest during the dry season, wheu all the herba4:ei>us vegela-H 

tiuQ b burned up; and on that account its cultivation in trupic^fl 

countries is especially to be recommendeil ; a few acres of it would'l 

etFeutually prevent that want of I'uddei', which is always most severely f 

felt after iJie periodical rains have ceased. — (Hooker'a Jovmul <^m 
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13. The Sources of the Nile.— At the last meeting of the Bombay 
Geographical Society, a paper was read by Mr John 
discoveries made by the East African Missionaries oi 
to be the Sources of the ffile. This mysterious river is said t<i 
arise from two lakes, onu of which is of great dinieiisiuiis nearly 
the line, and they seem fed by the melting snows of the gigantic 
range, wliiuh rites to the altitude of 22,000 feet at least, close by. 
The descripiion of this long looked for locality coincides exactly 
that given of it by Ptolemy, two thousand years ago. — (The Sombi 
Times, February IStk 1852.) 

14. Bonpland the Botanut. — An American traveller has 
an account to the Geographical Society at Paris, of liia meeting with 
M. Bonpland, Humboldt's celebrated companion, near San Boi^, 
where he lives happily with his family, constantly makmg additions 
to hid Herbarium, which he considers as belonging to France, and 
which contains at least 3000 plants ; the collecting of it seems to 
have obliterated the bitterness of his foi'ced detention by Ur Francia. 
— (Journal of the 3oi/al Oeoifrapkical Society, vol, sxi., p. 93,J 

i 5. The Shortening of Voyagea between the Old and New Worlds, 
— Much attention has been paid in America towards impinging upon 
time and space, as respects the communication between the Old aud 
the New Worlds ; and especially as to shortening the time of pas.sage 
between New York and London. The most received project is 
founded on the fact, that railroads are three times as expeditious as 
steauiei'S ; consequently, instead of embarking at New York, it in 
proposed that passengers should proceed by land as far eastward 
a I'ailroad can be carried — that is, to the utmost verge of NoVi 
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Scotia — and thei'e embark. They then should make the best ol' 
their, way to Galway Bay, and take the railway for Dublin. Now, 
after what has been achieved in internaiional communication of late, 
we mfty reasonably liopa for fai'ther improvenietits. A voyage to 
the East Indies and bauk in former times occupied a couple of years 
or more ; ordinary merchantmen can now manage the same in niiio 
months. In 1750, a time when the trado-winds where pretty well 
understood, three fine Indiamen — the " llchester," '* Anson," and 
'• Shaftesbury," sailed from the Downs on the 6th of April, and ar- 
rived at Bombay in Septoiuber : in 185U the same voyage is averaged 
to ucctipy 75 days, and news is carried by the ovei'land mail in letiS 
than a. month. This is owing to a proper application of science and 
experience ; and I cannot but augur that Lieut. Miiury's inquiries, 
as shewn in the charts I mentioned, wilt still further abridge our 
longest oceanic voyages. — (Journal of the Rot/al Geographical 
Society, vol. xx\. p. 90.) 

16, On ike mode of manufaetitring Femmiean. — -In April 1847, I 
had the advantage of an interview with Sir George Simpson, Go- 
vern or-in -chief of Rupert's Land, who was then on a viait to ling- 
land, and of concerting with him the measures necessary for the 
future progress of the expedition C and I may state here that he 
entered warmly into the projects for the relief of his old acquaint- 
ance Sir John Franklin ; and from him I received the kindest per- 
sonal attention, and that support which his thorough knowledge of 
the resources of the country and his position as Governor enabled 
jBo eEfectively to bestow. Ho informed me that tlie stock of 
at the various posts in the Hudson's Bay territories was 
lly low, through the failure of the bison hunts on the Saskat- 
, and that it would be necessary to carry out pommican frara 
tLia country, adequate not only to the ulterior purpose of the voyage 
to the Aretio Sea, but also to the support of the party during the 
interior navigation in 1847 and 1848. I therefore obtained autho- 
rity from the Admiralty to manul'acture, forthwith, the requisite 
quantity of that kind of food in Clarence Yard ; and as I shall have 
frequent occasion to allude to it in the subsequent narrative, it may 
be well to describe in this place the mode of its preparation. The 
round or huttock of beef of the best quality, having been cut into 
thin steaks, from which the fat and membranous parts were pared 
away, was dried in a matt-kiln over an oak fire, until its moisture 
was entirely dissipated, and the fibre of the meat became friable. It 
was then ground in a malt-mill, when it resembled finely grated 
meat. Behig nest mixed with nearly an equal weight of luelted 
beef suet or lard, the preparation of plain pemmican was complete ; 
but to render it more agreeable to the unaccustomed palate, a pro- 
portion of the best Zanta currants was added to part of it, and part 
was sweetened with sugar. Both these kinds were much approved of 
the sequel by the consumers, but more especially that to which 
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tlie sugar had been added. After the ingredients were well inn 
porated by stilling, tlie; were transferred to tin caiii^t^rs, capabli 
containing 851b. each ; and having been firmly rammed down, i 
allowed to contract further by cooling, the air was completely i 
pelled and excluded by filling the canister to the'brim with melt< 
lard, through a small hole left in the end, which was then covered 
with a piece of tin, and soldered up. Finally, the canister 
painted and lettered according to its contents. The total quantity 
of pemmican thus made was 17,424 lb., at a cost of Is. 7Jd. a pound. 
But the expense was somewhat greater than it would otherwise hava 
been, from the inexperience of the labourers, who required to be 
trained, and from the necessity of buying meat in the London market 
at a rate above the contract price, occasioned by the bullocbe slaugh 
tered by the contractor for the nasal force at Poptamouth being in 
adequate to the supply of the required number of rounds. Variou 
temporary expedients were also resorted to in drying part of the 
meat, the malt-kiln and the whole Clarence Yard being at that tinw 
fully occupied night and day in preparing flour and biscuit for titft 
relief of the famishing population of Ireland. By th( 
of Messrs Davis and Grant, the intelligent chief officers of tha- 
viotualling yard, and their constant personal superintendence, 
difficulty was obviated. 

As the meat in drying loses more than three-fourths of its original 
weight, the quantity required was considerable, being 35,651 lb. ;* 
and the sudden abstraction of more than one thousand rounds of bee£ 
^om Leadenhall market occasioned speculation among the doalertv 
and a rise in the price of a penny per pound, with an equally sudden 
fall when the extra demand was found f,o be very temporary.-f 

The natives dry their venison by exposing the thin slices to thof 
heat of the sun, on a stage, under which a small fire is kept, man 
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fof the purpose of driving away tbe flies bj the smoke than for pro- 
moting exaiocation ; and then they pound it between two stones on 
a bison hide. In this process the pounded meat is contaminated by 
a greater or Bmaller admixture of hair and other impurities. The 
fat, which is generally the euet of the bison, is added by the traders, 
and they complete the process by sewing up the pemmican in a bag 
of undressed hide with the hairy side outwards. Euch of these bags 
weighs 901b., and obtains from the Canadian voyagers the desig- 
nation of "an taureau." A superior pemmican is produced by mis- 
ing finely powdered meat, sifted from impurities, with marrow fat, 
and the dried fruit of the Amelanchier. — {Sir J. RiekardsoH.) 

17. Important Uses of Iodif«roug Compounds, — From the im- 
portant researches of M. BousingauLt, it appears that the tnhabitani.i 
of the Cordilleras of New Granada, where cretinism and goitre aru 
endemic, now avert these evils by the use of an iodiferous salt ex- 
tracted fi'om the numerous saline springs of that country ; and M. 
A. Fourcault recommends to the inhabitants of mountain districts, 
where goitre and cretinism are endemic, the use of iodurite of potassa 
along with common salt: he is also of opinion, that iodurets will 
prove very oseftil in districts where scrofula and pulmonary con- 
sumption prevail. 

18. On the Application of Rentlfied Oil of CocU-Tar to the Pte- 
seT^ation of Meat and VegetabLex. By M. Rohin. — When the 
flesh of animals, entii-e birds wiih tbe feathers, vegetables, fruits, &c,, 
are placed in air-tight vessels Glled with water, at the bottom of 
which there is a little oil of coal-tar, so that the substanccg to bo 
preserved are covered by the water, which becomes chargud with the 
vapour of the oil evaporating at the ordinary temperature, they are 
perfectly preserved from decomposition, — (Comptes Rendus, vol. 
xxxii., p. 650.) 

19. Laplattd. — " At the beginning of June, I left Helsingfors for 
Uleaborg, about eighty Swedish miloa, or six hundred and forty 
English. In the latter town, I had to provide myself wiLh a suit- 
able outfit for Lapland — tents, provisions to cook, &c. There 
remained yet two hundred English miles to Kunsama Kimbe. The 
distance took us six or seven days, though hitherto we had ti-avelled 
St the i-3te of eight miles an hour. The stations where we could 
procure horses became fewer and fewer, and frequently I was obliged 
to wait one or two days for horses. At Kunsama Church, all roads 
were at an end, and thence I was obliged to travel either on the 
lakes and rivers, or on i'oot. When I say I am now in Lapland, I 
am wrong ; for in this parish no Laplanders have hved within the 
last hundred years. Finnish colonists have pressed them on farther 
north, somewhat as has been done with some Indians. They have 
here some little agriculture (rye), and a few settlements. From 
ten to twenty miles farther north, wu have the true Laplanders, who 
roaiii about with their itiin-dcer. Tlie scenery heiv partakes, how- 
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ever, entirely of the Lapland features. Summer lasts only from l«n 
to twelve weeks ; and in December the diiy lasts from eleven till two 
o'clock, and even these three hours are not what we would call day- 
light, but rather n kind of twiliglit. A few miles further on, they 
do not Bee the sun at all for a whole month. The population here 
is very sparse ; fishing and breeding of cattle furnish ibe only meana 
of sub.sistence. Rein-dcerii are much used : a rich peasant has from 
three to four hundred; the Laplanders several thousand. Very few 
are seen here in summer, for as soon as tlie snow thaws in spring, 
they are driven into the forests. In autunm, almost the whole popu- 
lation go out ; a large space is fenced in, and after tedious driving, 
they collect the half-wild rein-deer, and each individuai selects his 
own — they are all marked — and takea tbem home. The whole 
winter the rein-deer keep round the bays and inlets, and feed 
theniEelves by scraping out the moss from under the snow, and the 
peasants, conseijuently, do not have to loot out for their feeding. 
For the winter, some dozen or two are broken in for the harness, 
for there are few horses here, and higher up none. A rein-deer 
sledge (in Laplandish pvlka) is shaped like a boat (conat). Beins 
are not used as with horses, only a strap round the neck. The 
animal may be in quickest motion, hut so soon as I pull the strap 
to the side, it stands still. In driving in the pvlka, we make use 
of cloaks of rein-deer hide, through a hole in which the head ia 
thrust. • « * Almost the whole of -Tune, I could see the sun all 
night from the hill-tops, considerably above the horizon. Night was 
as light as day, and I could make the most careful drawings and 
minute examinations of minerals. In June and July we had intense 
heat, accompanied by innumerable gnats and files. The peasants 
guard themselves against these tormentors by covering their face and 
hands with tar. I had a mask of gauze." — (^Silliman's Journal, 
vol. si., 2d Series, p. 136.) 






List of Patents ff ranted /or Scotland from 22J December 1851 
to 24//( March 1852. 



1. To James Maonee, of Glasgow, ia the county of Lanark, North 
Britain, merchant, " improvements in the manufacture or production 
ornamental fabrics."— 26th December 1861. 

2. To Jeab Antoine Fabina, of Paris, in the state of France, pro- 
prietor, " a process for manufacturing paper from a certain matertaL'' 
26th December 1851. 

3. To Francis HA8TiNoaGuE;E8mi.T3s\,tAMJQMi^ S^ie«t,Morningtoii 
Crescent, in the county of Mida\ewx/' uft^troNB-iaCTi'iiiii'iQi'C-CTL^mA. 
naraenting zinc." — 29thDeceta\ieT ■i65\. 
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^ 4. To PsBDEalOK KoiHNBuKa, of IbeAlbanf.inthecountj'of Miildls- 
K>, Esq.. '* finprovciuunU in tliemaniilhctureof casks twrraU, and Other 
l&e orticLe!. and the niachiany iimpbj'ed thfirejn." — 2d Juiuni^ IB&S. 

5. To Javeh AiKitux, of PaiBley, in the coonty of Keiilniw, North 
Britain, caleoderer. "iiuprnvumenta in the tre&tmeatarfiiiislungortcxlile 
itihrics and mut-.-riab." — 6tb JannAry 1S52. 

6. To Jahg!) G*TnHBC(ii.ii. of Eltham, in tho comity of Keol, pnTehjpe 
nmnufikulurer, " uuproTenieiitFi in tiia manufacturi} and oniomsnting of 

nvelopeB, parts uf nhioh improcuments are applicaljle to olhui ddccripr-^ 
^^ns of stationery, and in the machiaeiy, spporatua, or means to be oi 
Drein." — 3th January 1852. 
?. To Enwui Ruse, of Mnncheiter, in the county of Lancaster, ea^ 
Deer, " oertnin improvement* in boikra for geiiersting sieam." — 9th 
bnary I8d2. 

To TnouAB RioB*BD80N,of Newcaaile-xipon-Tyne, " iioproTemeiita 
"the nianufacture or preparation of loagnesla and some of its nalte." — 
lib January 1S53. 

To James Wabbbk, of Montague Terrace. Mile-end Road, gentle- 
" iiiipTOTomenta applit-ahle to railways and railway caniague, aQ>l 
JiroTementB in paving." — 13th January 1S52. 

10. To Alexander Pabkes, uf Birmingham, " improTemexi Is in wpa- 
Kng silver from other metals." — I3th January 1S5'J. 
Al. To Alexandub Uediaki), of 25 Rub Taithonl, Paris, France, 
'Ovementa in propelling and navigating ships, brnts, ajid vessels, 
am and other motive power." — 16th Jannary 1852. 

12. To Ai«t(i Nicholas Debode, of No. 37 Rue St Roche, Paris, 
itleman. '" a cerloin prooesa for uniting cast-iron to caet-iron 

A to other metalu, and fur unilinf^ otlier metals together." — S6lh Ja- 
aiy 1852. 

13. To Okorub Tore, of the Chemical Works, Trunley's Lane, Ro- 
terhlthe, auiinal cbarcial burner, " improvemenl* in rcburning nniioal 
larcoal.'' — 26th January 1852. 

14. To James P:u.*i.8 Witsos and Geoeoe Fei.ocbon Wit.soN. both 
Wandsworth, in the county of Surrey, gentlemen, " iinproTements in 

fi preparation of wool forthe manofactnre of woollen and other fnbriei, 
id in the process of obtaining materials to be used for that purpose."— 
(til January 1852. 

X5. To Victor Lemoiqn, of Cette, department of ITIerauIt, in the 
i^blui of France, " certain impTovements in rotary engines." — 26th 
iAiury IS^S. 

IG. To Jobs Stopporton, of Douglas, in the Isle of Man, engineer, 
certain improvements in propelling vessels, parts of which improvement* 

B applicable to steam-en^es and pumps." — SSth Janoarr IS.'iS. 

17. To Ji>sEPH SiENBoH, of Northampton, in the county of Northainp. 
B, engineer and iron -miuiuf act urer, '' improvements in tbe manufacture 
'Iron, and in the steam-apparatus used therein, part or parts of which 

t aUo applicable to evaporative and motive purposes." — 30th January 

193. 
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16. Tff JoMji CKATTxarow. of BiimingWa. in the unuutjr of Wu 
«(^t, "efrrUIn inipMiemotiU in girotoclii^ InHnUkiil elsvttO'Ulst 
wiivs. ta\4 In il.n raail'od* and mochineTj lued for tltst purpow." 
January 1 ^^S. 

1ft. Tu FttA.iciR Clajik Mocatu, of Eorlcten, in tbocouiitj af B 
nidf, baEUcr, " an unpmvtrf hvilranlio eyphon." — Wh Fehnauj 18n 

3U. Tu Stimkt Smith, of Nottinghjuit. " improTeuetit* in iitdiai 
tlw h«ighl<if mler In atewo boilBra," — ith Ftbraary 1652, 

21. To OEOBor DiWAK, of the New North Road, Harton. 
AarffirK Hn-ruK, of the same plaoe, '* tmpriiTeiitenta in the YnOnal^ot 
ntcaaia." — fiUi FsbroiTf 1?52. 

33. GsoncE OtMsa, of Hnlifax, In tim countr of Yoi^, meehaii 
" imjmireraenta in the manufacture of oorpeti nnrf other fabricH." 
Pebraary 1852. 

23. To Ali^bd Vincent NEwroN.of theOflioe for Patenla, 66Ghi[^ 
eery Lane, in the tnunty of Middlesex, muibanical dringbtamui, ' 
prorementa in the inanufnctura of [lignieDt* ocp^unU." — lltli Pebrn 
1853, 

21. To CfitKiEs Confi^B, of SO Southam|iMii Building*, ' 
Lnne, in the coimty of Middleees, patent agent, " impravemBnta ti 
etunery for combing and preparing wool and other fibrous snbktanwS'fl 
being a ttraimuiiicwtiDn, — lath February 18!>3, 

•iS. To .li.FttKDViscKNTNEWTo.1, of the Olfioe for Patents, 66 Ch« 
eery Luna, in the county of MidiUoaoi, meohanical draughtsman, " int- 
pruvcn;eiiti in nuRhinery for weaving coooh Ijwe. Brussela tapestry, aiid 
volvut curpeting. uid other pile fabric*;" belog a commnDieation. — 13th 
February 1S5S. 

36. Janes Anssosoh Vo(n<-a, of the firin of A. S. Young and Son, ^ 
ISS BuchtLnon Street, Gimgow. in the county of Lanark, North BiUai)| 
mrgeon-d enlist, " nrrtoin inil>roretcienta in dental iiperotions, and in 
paralus ur instrutoonts to be used iherein." — Iflth Februarj' 1852, 

27. To ncBMASN TrTHCK, of Broad Street BuUdings, in the dt 
LonduiJ, tnercbant, " improi-ements in the njanufacture of rosin oi 
being a eomniunit!(it.ion. — ISth February 1852. 

28. To Jaukb RoBhRTsoN, of Oxford Street, in the city of Ma^ 
ehest^r, chemist, " improved methods of producing or obtaining { 
ing dyes and other subettinces osed in printing, which impn>Tementt,j 
whole or in part, are applicable to otlier like Uiefiil porposes." 
February 1»5S. 

2y. Ti> WiMUM Hameb, of Manchester, in the county of Lanoasta 
" nertain improvementg in looms for weaving." — 2Sd February 1862, ,' 

80. To PbTBA AltMAHDK I.E CoMTB VB FuXTiUttE MoB,EAD, of 1 S 

Streot, Finabury. Ijindoo, and 24 Boiilavwd Poissonniere, patent a 
'' COTtiun iraprovement* in gas-burners;" being a cojjunmiieiilioii.— 
Febraury 1852. 

31. ToChirles Josh Mabe, of Blacltwall, " tuprovemente in o 
Rtrooling ii'on ships orreMels. and Eteum-hoilera." — lat Kurob 1832, 

38. To UENnTOi.vsK,ofBrunton Street, Berkeley Sijoaro, gentian 
and RpDOLpii AppgLi of Gerrard Street. S oh n, anaflntic printer 



IRnh in the manuikcturo or treabn^nt ot' paper or fabric Ui pruvent 
oopies ur iiiipre«gioii8 being token (if any wtitiiig or printing thereon." — 
Ut Mareli 1852. 
^33, To William Edwabd Newton, of the Office for PaMnta, 6C 
ChnBcery Lane, in tlie eoiinty of Middleees, ciril engLneer, "improne- 
monta in tlie lieddlea or burnes> of lotmu for weaving, and La tlie ma- 
cbiaerf for prodacing tb^ same ;" beiog a cvmumiiication. — 3d Maicb 
1353. 

31. To Henrt Bessemer, of Butar Ilauso, OM St Pnnoras Road, in 
tbe county of Middlesex, " improvementa in expressing BDOoharine fluids, 
and in the mannfaeture, refining, and treating sugar." — 3d JMardi I "^52. 

35. To Frroebick CnacE Caltebt, of Man<?besler, in the count/ of 
Lancaster, professor of chenuBtrj and analy tiual obemist, ' ' improTementB 
in mnnufflctnring iron, and in inanufaotarbig and purifying coke." — ttb 
Maroh 1852. 

S6. To Sons HEsnY Jobwsok, of i" Lincoln'i Inn Fields, in the 
county of Middlesex, and of Glusgow, North Britain, gcnileman, " ini- 
provemraits in wearing carpets and other fabrics, und in the marhinwy 
>T apparatus employed theToiil." — 4th March 1852. 

37. To Wii.iijiM SiBcLAtn, of Manoheeter. in the county of Lancaster, 
enp'neer, '• certain improvementa in locts," — Slh March 1H52. 

19. To JoHM Blair, of Irvine, in the county of Ayr, North Britoia, 
gentleman, " certain improTementa in beds or oouuhes, and other artioles 
of furnitare." — 9th March 1S52. 

3B. To Pehey G, GAHDnEa, of tie city of New Yorlt, in the Uriit«d 
Stated of Anioricft, civil engineer and mechanist, '' improvemontH in the 
mannfhctUTti.of malleable metulg into pipes, hollow tbafts. railway wheels, 
r other analogous ibrms, which are capable of being dreeeed. turned 
down, or polished in a latbe." — lOtb March 1652. 

40. To Alfhed Vincent Newton, of the Oflioe for Patents, 66 
Chancery Lane, in the county of Middlesex, mechanical driLUgbteiuan, 
"improvements in machinery fur combing wool and other fibrous sub- 
stnnceB;" being a communication. — 15th March 1852. 

41. To Ai.EKANDEa CcHNiNonAHE, of Qlasgow, in the county of 
Lanark, North Britain, ironmaster, " improvements in the treatment 
and a[^ication of slag, or the refuse matter of blast fumucoB.'' — 15th 
Blareh 1852. 

42. To William CiiAnLEB Scott, of Cumberwell, in the county ',>f 
Surrey, gentleman, " certain impioveraenls in the constriietion uf omni- 
buses, and other imblio and private carrii^a.'' — 13th March 1852. 

3. To William Stirlinu Laoos. of tireat Yarmouth, in tlie county 
of N'orfoliigentleman, " improvements in the moans of suspending ships' 
boats, and of lowering tbe same into the water." — l6th March 1852. 

44. To JoBN Mkbcbb, of Oalenshaw, 01ayt«it-le-MooTS, cbetniit ; and 
iHN ORBEBWoon, of Irwel! Springs, Bacap, Turkey-red dyer, both in the 

county of Lancaiter, " certain improvementa in preparing cotton, and 
other fabrics, for dyeing and printing," — 17th March 1852. 

45. To OnAni.KB Muioletos Kernot, of West Cowes, in the Isle of 
Wight, M,D. ; and William TlinfT. of Munohcxler, in (lie county of 



uiul«<:tUT«r. " oertuiu iinjiruvoiuetita in tlid iiioiiufitcture i 
wooUsB clgtU, and ulolh made fVom vrosl laii atb<tr maleriiUe, and i 
niiwhlDerj' or apparattts for lUBniifimttiruig the Bume." — 17tb Marc 

46. To Jonn Bamhdottvm. of New MIUs, in tht- oounlj of Derby 
KiigMiver, " certain improvementB !n niooblnerf, or appftratua for menauT- 
iag and regiBterisg the flow of water, and other fluids or vapours, which 
madiinery or apparatus 1» aim applifftble to registering tljt speed uf, and 
diataneo nin by vessels in motion, and alao in obtaining mottve power 
nnd other similar purpoEeB." — lOlh March 1953. 

47. To \V'iL,i.iu( I'lDoiNu, of the Strand, in the county of Bliddlesex, 
genlloinan, " irappovsmenta in raining operations, and in the machinery 
or apparaiQi connected therewith." — 22d March 1853. 

4^1. To EMANinrt. CaiRLns Theodoeb Cbontelle, manufac' 
Hheinis, in the republic of France, " certain improvenienta in nnwhijierj 
or apparutun for preparing woollen tltreaJs, and other filunentoas aub- 
Bt»nee« for weaving." — 32d Mareh 1852, 

49. To KDWAno Moblev Fahsins, of Mark Lone, in the city of 
London, *' improvements in the maniifndure of cast-metaJ pipei, retorts, 
or other hollow caatint-s." — 22d March I8j52. 

50. To Cbaklgs Bakluw, of S9 Chancery LBne, London. Esq., " ini- 
prorements in rotary engines ;" being n communication, — 22d March 
1^52, 

51. To WitUAM SruiBeroN, of Trafalgar Place. Weet Hacknej 
Road, in the county of MiiiiUcBes, gentleman ; and Cq&hlkb Fi>utsok, 
of Manchester, engineer, oui] Joh.n Reid, of the same plao:.', gentleman. 
" improveroentB in floes, and in heating air, and in evaporating cerbun 
liquids by heated air."— 32d March 1852. 

fl2. To JoHH WitLAOB Duncan, of Grove End Road, Saint John's 
Wood, in the county of Middlesex, gentleman, " improvement! in 
tnginei for applying the power of stetua, or Other fluids, for impelling 
purpOKS. and in the manufiicture of appliances for transmitting mo- 
tion." — 22d March 18^2. 

S3. To Jahrs Joseph Bsdhet, of the CEmri Iron-'Worke, Poplar, in 
the county of Middlesei, engineer, " certain improved combinations of 
uiH<erialB in ship- building ;" commnnicated to him by Lucien Armand, 
of Bordeaux, France.— 22d March 1952. 

5i. To RiciiAnn Akchibai-d Brooham, of the firm of J. C. Robert- 
eon and Company, of 166 Fleet Street, in the city of London, patent 
agents, " improrements in presses and preaaing, in centrifugal muchinary, 
and in apparatus connected theretFltbtport orparta of which are applicabls 
to various useful purpOEes :" being a oooimunieation.— 24th March 1859. 

55. To Coi:iM Mathck, of Salfoid, in the county of Lancaster, machine- 
maker, and Ebkest Rolffb, of Cologne, in the kingdom of PruBsia, 
gentleman, " certain improTements in printing, damping, sliflening, 
opening, and spreaiJing wtirea fabriOB."— 24th March 1852. 
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